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WESLEY CHAPEL GULF REVISITED:
GEOMORPHIC PROCESSES AFFECTING DEVELOPMENT OF

THE ALLUVIAL FLOOR OF A KARST GULF
IN ORANGE COUNTY, INDIANA

James M. Durbin, Ryan C. Jones, Brendan Anslinger, and Danise Guy:

Department of Geology, University of Southern Indiana, 8600 University Blvd.

Evansville, Indiana 47712 USA

ABSTRACT. Wesley Chapel Gulf is a karst collapse depression with an alluvial floor that was deposited

as a subterranean passage of the Lost River rose to the surface (rise) and flooded the bottom of the

structure. This paper reports on the thickness of floodplain sediments, the sedimentological character of

fluvial deposits, and the generalized stratigraphic framework for the alluvial floor. Two stratigraphic units

were identified from sediment cores, each with a fining upward trend. Unit 1 extends from —10.8 m to

— 3.5 m, and exhibits thin (1-5 mm) varve-like bedding, with interbedded clayey silt, sand, and occasional

organic-rich silt. Thin bedding and a lack of well-developed paleosols indicate that frequent flooding ear]\

in the gulf's history allowed floodplain deposition of Unit 1 to outpace pedogenesis. The contact between

Units 1 and 2 is marked by a distinctive color transition and a change in sediment deposition. Unit 2

extends from —3.5 m to the surface, and is a sandy to silty loam, with silt beds and some organic rich

zones. Minor paleosols (entisols) in Unit 2 indicate short-lived depositional hiatuses linked to rising floor

elevation due to vertical accretion of the floodplain that allowed pedogenesis to outpace deposition. Sed-

iments in both units become finer-grained away from the rise, indicating that the Lost River rise is the

dominant source of floodplain alluvium. Stratigraphic and sedimentologic evidence indicate a shift in

sedimentation style, attributable to climatic and/or anthropogenic influences. Coarse sediments dominant

at the base of Unit 1 suggest a linkage to climatic transitions during the terminal Pleistocene through the

Holocene. The abrupt transition from Unit 1 to Unit 2 indicates a change in flood stage and sediment load

of the gulf rise a probable response to anthropogenic modification of the Lost River drainage.

Keywords: Karst gulf, alluvium, stratigraphy, sedimentation, paleosol, climate change

Wesley Chapel Gulf, called Elrod Gulf on because of the extent of the subterranean

the French Lick 7.5 minute topographic quad- stream system he documented \\ hile mapping
rangle, is located approximately 7.2 km (4.5 the local cave system. Powell (1987) included

mi.) southwest of Orleans, Indiana in Orange Wesley Chapel Gulf in an in\ estigation of the

County (Fig. 1). While mapping the Lost Riv- hydrology of the Mitchell Plain karst system.

er karst drainage system, Clyde A. Malott The thickness of allu\ ium has ne\er been

(1922, 1932, 1952) studied the caves adjacent measured directly. Measurements at the rise

to Wesley Chapel Gulf in detail, and formally pit by Malott (1932, 1952) were used to es-

defined a karst gulf as "a karst feature . .
." timate that the alluvial floor of the gulf was

that is "a steep walled depression that char- between 10.6 m (35 ft) and 12.2 m (40 tn

acteristically has an alluviated floor and that thick.

always contains a stream that rises and sinks Alluvium in Wesle\ Chapel Gulf pio\ ides

within it" (1932). Based on the planview information on the nature and effect of eli-

shape of the gulf and the steep walls, he hy- matic and anthropogenic influences on the

pothesized that the gulf formed due to coa- Mitchell Plain in that the fill represents a par-

lescing sinkholes created as caves collapsed tial record of subten-anean Lost Ri\er dis-

(1932). Malott (1952) hypothesized that the charge and sediment load. Paleosols in the

karst spring in the depression at the southern floodplain provide insight into the frequency

end of Wesley Chapel Gulf (known as Boiling of flooding, the nature of sedimentation, and
Spring or Wesley Chapel Gulf rise - Fig. 2) the degree of pedogenesis that occuned on the

connected to the Lost River system, in part floor between depositional e\ ents.
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Figure 1
.—Location map of Wesley Chapel Gulf,

Orange County, Indiana, with respect to the phys-

iographic provinces. Map modified from Gray et al.

(2000).

Our research had five goals: 1) determine

the thickness of the alluvial fill; 2) describe

the stratigraphy and sedimentology of the sed-

iments; 3) determine a relative age sequence

for the alluvium; 4) interpret the geomorphic

processes and causative factors that allowed

the Gulf to develop its present morphology;

and 5) hypothesize about the rates of sedi-

mentation and timing of deposition.

BACKGROUND
Wesley Chapel Gulf lies in the Mitchell

Plateau (formerly the Mitchell Plain of Malott

[1922]) physiographic province, a non-glaci-

ated and karstified region developed on Mis-

sissippian limestone bedrock that has numer-

ous sinkholes, blind valleys, swallow holes,

and caves (Gray 2000). The gulf formed by
dissolution and collapse of the Ste. Genevieve

Limestone (Malott 1932), a high calcite (>95%
CaCO^) unit in the Blue River Group (Carr et

al. 1978). Water in Wesley Chapel Gulf rise

probably emanates from a complex series of

underground conduits, similar to those

mapped by Malott (1932). Dye tracing studies

conducted along sinking streams near the gulf

link subsurface flow from the Lost River east-

ward to the Wesley Chapel Gulf rise, and

eventually to the Rise of the Lost River (Mur-

dock & Powell 1968; Bassett & Ruhe 1973;

Bassett 1974; Ruhe 1977; Powell 1987). The
contributions of meteoric surface water.

stream water, and subterranean flow to the

karst drainage network is complex and the

subject of continued research (Bayless et al.

1994; Lee & Krothe 2001). Weathering and

erosion of local bedrock and loess east of

Wesley Chapel Gulf are the logical source of

alluvium filling the gulf (Ruhe 1977; Ruhe &
Olson 1980; Wingard 1984).

The study area is surrounded by farmland,

and there has been limited construction. How-
ever, clearing of forested tracts continues in

the region; and new construction and agricul-

ture in the Lost River basin increase the po-

tential for erosion of unconsolidated material,

and subsequent deposition in the gulf. Anec-

dotal accounts by Malott (1932) indicate the

gulf floor was cleared of trees and shrubs for

growing crops and grazing cattle as early as

1915, although a few larger trees estimated to

be 75-100 years old are still present on the

gulf floor. No crop farming has occurred on

the gulf floor floodplain for at least the last 25

years, and probably longer, but pasture was
maintained from at least 1983-1996 when
ownership was turned over to Hoosier Nation-

al Forest (Forest Service website). Under For-

est Service jurisdiction, the gulf is reverting

to an uncultivated state, with thick herbaceous

vegetation and small woody plants growing

on the floodplain.

METHODS
Sediment cores were collected with a Gid-

dings soils probe at two locations (Fig. 2)

along the long axis of the gulf to determine

floodplain stratigraphy and the relationship

between the rise and alluvium particle size.

Cores were sited as far from the gulf walls as

possible to limit the influence of surface

streams and colluvium. Cores were collected

from the following sites: A- 76.2 m (—250
ft) from the rise, and B- 15.2 m (-50 ft) from

the rise (Fig. 2). Core holes were backfilled

with sand and capped with a 0.6 m (2 ft) ben-

tonite plug.

Sediments were described and analyzed for

stratigraphic contacts, paleosols, grain-size

trends, bedding features, and mineralogy in

the Geomorphology and Hydrogeology lab at

the University of Southern Indiana (Figs. 3, 4;

Table 1 ). Standard techniques were used to de-

scribe soils in the cores (Birkeland 1999).

Sediment samples representative of each iden-

tified layer or paleosol horizon from both
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Figure 2.—Topographic map of Wesley Chapel Gulf show ing the location of core cxuaciion Siic^ A
and B with respect to other gulf features. Plane table and alidade sur\c\ map b\ R.L. Powell. S.D.

Maegerlein & J.L. Basset, 1970; modihed from Powell 1981.



100 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Core A
Stratigraphy

Surface soi

developed
is moderately
n both cores.

Core B
Stratigraphy

Depth (cm)

Very thin, underdeveloped
paleosols (entisol and ~
nceptisol) with A/C and
A/Bw/C horizons in both
cores.

Correlative sandy zone
at the base of both cores.

150

450

600

750

900

Very thin, underdeveloped
paleosols (entisol and
nceptisol) with A/C and
A/Bw/C horizons in both
cores.

A distinct change in sediment
color correlates between both
cores at similar depths.

A distinct change in particle

size correlates between both
cores at similar depths.

Changes in sediment size

and color result in centimeter
to millimeter-scale bedding
(Figs. 9 & 10) throughout the
lower part of both cores.

—
' 1050

Figure 3.—Diagram showing floodplain stratigraphy and bedding, and soils developed in alluvium from

Wesley Chapel Gulf. Dashed lines represent correlative layers between the two cores.

cores were collected and processed for particle

size using a standard pipette method (Singer

& Janitzky 1986). All particle size data were

tabulated and plotted versus depth to identify

trends and correlate soil descriptions between

cores (Fig. 4; Table 1). Mean particle size per-

centage was determined for each core and for

the two stratigraphic units in the cores by
summing the values for the sampled intervals

and dividing by the number of intervals. Bed-
ding features and mineralogy were determined

by visual inspection using a hand lens and

binocular microscope.

OBSERVATIONS
The floodplain has limited topographic re-

lief (Fig. 2) except near the rise and where
overflow channels have formed around the pe-

rimeter of the gulf floor (Figs. 2, 5, 6). Pre-

vious observations of the gulf during floods

suggested that muddy storm water resurging

from the rise was a source of fine-grained sed-

iment on the floor (Figs. 5, 6), although per-

haps not the only source. An intermittent

stream enters the gulf at the northern end.

where the gulf has expanded along the thal-

weg of a shallow valley and has cut a channel

into the bedrock rim (Fig. 2). Limited amounts

of sediment, consisting mostly of occasional

broken pieces of limestone and rare chert peb-

bles, exist in the channel, although fine-

grained sediment from nearby fields is trans-

ported during heavy rainfall (Powell pers.

comm. 2003). The gulf floor has little in the

way of material larger than sand size except

where rare, partially buried limestone boul-

ders have fallen from the gulf walls. Flood-

plain sediments exposed at the surface close

to the rise are coarser than at locations farther

away from the rise (Figs. 7, 8).

Core refusal at Site A occurred at - 10.8 m
(
— 35 ft) when the push tube encountered

limestone interpreted as bedrock or collapse

rubble. Coring at Site B penetrated 10.3 m (34

ft), but no sediment was recovered from -8.8

to -10.3 m (-29 to 34 ft). Coring was ter-

minated at 10.3 m (34 ft) due to a lack of

sediment recovery when either the saturated

material flowed out of the tube upon extrac-
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Table \.—Particle size data from sediment cores at Sites A and B, Wesley Chapel Gulf.

Percent particle size

Depth by weight

Site A cm in % clay % silt % sand Site B

Unit 2 12 64 24 Unit 2

3 1 18 52 30

25 10 20 75 5

152 60 17 62 21

234 92 22 73 5

262 103 18 69 13

292 115 20 65 15

350 138 20 75 5

Mean 19 76 15 Mean

Unit 1 386 152 19 68 13 Unit 1

488 192 19 66 15

541 213 18 72 10

549 216 23 66 11

597 235 18 73 9

625 246 23 58 19

670 264 21 68 11

595 274 21 72 7

777 306 16 36 48

869 342 14 26 60
- 939 370 17 36 47

975 384 31 56 13

984 388 38 61 1

998 393 22 74 4

1017 400 20 70 10

1025 403 10 83 7

1036 408 11 82 7

Mean 20 63 17 Mean

Mean Site A 19 69 16 Mean

Percent particle size

Depth by weight

cm in Vr clay /r silt Vr sand

14 52 34

25 10 20 68 12

152 60 19 69 12

234 92 16 66 18

292 115 15 61 24

350 138 15 59 26

16 62 21

488 192 16

Site B

54

42

30

597 235 14 62 24

615 242 17 56 27

678 267 1 37 61

696 275 5 27 68

777 306 54 18 28

869 343 5 42 53

tion, and/or sediments flowed around the tube

during pushing and never filled the coring de-

vice.

Two distinctive unconsolidated units were

identified based on color and sedimentation

style: a lower unit (Unit 1), and an upper unit

(Unit 2). Unit 1, a 7 m (23 ft) thick, dark

colored sandy silt, possesses distinctive inter-

vals in which bedding is preserved. Coring

disrupted the original morphology of the lay-

ers somewhat; however, bedding appears hor-

izontal and thin, ranging from 0.5 mm to 2

cm thick and averaging about 1 mm. Unit 1

bedding in both cores had alternating light and

dark colored bands (Figs. 9, 10), with lighter

bands commonly consisting of slightly coarser

material (fine sand/coarse silt) and darker

bands composed of finer particles (fine silt and
clay) and in some instances organic materials.

Sediments throughout the unit lacked calcar-

eous materials, but they did ha\e some iron

and manganese oxides in the darker layers.

Unit 2, by contrast, is a lighter colored

sandy sih about 3.5 m (11.5 ft) thick, with

rarely preserved bedding and minor paleosols

at several intervals. Unit 2 also lacked calcar-

eous materials, but contained zones of abun-

dant mottled sediments. Poorh de\eloped.

thin paleosols (entisols) consisted of an .A-ho-

rizon with weak soil structure (peds) o\erl\-

ing an oxidized C-horizon \\ ith no inter\ ening

B-horizon. A-C-horizonalion is coinmonlx as-

sociated with entisols. a soil laxononiic clas-

sification that denotes liniiied dcxelopnicnt

owing to. among other things, liniited time of

subaerial exposure in the soil-forming en\ i-

ronment (Birkeland 1
*-)*-)'-)). The surface soil

consisted oi' an .\-B\\ -C-hori/on sequence,

characterized as an inceptisol. that also sug-

gests limited soil dexelopnient.
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Core A: Particle Size Analysis

Cumulative %
20 40 60 80 100

Core B: Particle Size Analysis

Cumulative %
20 40 60 80 100

Figure 4.—Particle size analysis for cores from Sites A and B. Plots show cumulative percent of sand,

silt, and clay size fractions v^'. depth. Black is percent clay, gray is percent sand, and white is percent silt

as determined by standard pipette method (Singer 1986).

Particle size data from Unit 1 varied be-

tween cores (Table 1), with silt dominating at

Site A (mean silt percentage of 63%) and

mean particle size at Site B split equally be-

tween sand and silt, with values of 42%. In

both cores. Unit 1 showed greater sand con-

tent at Site A when compared to Site B. The
lower 2.1 m (7 ft) of Unit 1 contains a higher

percentage of sand than the upper part at both

core sites.

Unit 2 particle size data showed a trend

(Fig. 4; Table 1 ) similar to that of Unit 1 , with

mean silt-sized fractions comprising 76% at

Site A, and 62.5% at Site B. Sand content

ranged from 15% at Site A, to 21% at Site B.

When comparing mean particle size percent-

ages for the entire core, silt dominates the al-

luvium at Site A, with a mean percentage of

69.5% of the total sediment; sand and clay

were 16% and 19.5%, respectively.

Although silt (52%) also dominates alluvi-

um at Site B, the mean percent particle size

is greater than at Site A, as sand is 32% and

clay is 16% (Fig. 4; Table 1). Sediments col-

lected from both units at Site A were finer-

grained compared to the coarser-grained sed-

iments in both units at Site B (Fig. 4; Table

1), confirming that surface sediments become

finer-grained with distance away from the rise.

INTERPRETATIONS AND DISCUSSION

Lack of core barrel refusal at Site B indi-

cates alluvium close to the rise is greater than

10.3 m (34 ft), which is consistent with esti-

mates calculated from earlier measurements

by Malott (1932, 1952). At Site A, core barrel

refusal at 10.3 m (34 ft) depth was interpreted

as bedrock or collapse rubble. Attempts to au-

ger deeper were unsuccessful and turned up

limestone fragments. The alluvium is thinner

at Site A, probably due to irregular topogra-

phy of the underlying bedrock or collapse rub-

ble created as the gulf formed. Relatively less-

er amounts of collapse debris should occupy

locations where dissolution created pre-col-

lapse caves in the limestone. The resultant

collapse-created surface allowed deposition of

thicker alluvium at some locations, and thin-

ner amounts of fill in other locations. It is not

known how long it would have taken the un-

derground system to begin flooding into the
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^

Newly deposited fine
'

grained alluvium

(
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Figure 5.—Photograph of Wesley Chapel Gulf

after a flood in February 1986 showing the over-

flow channels (foreground), documenting the stage

of the flooding (mudlines on tree trunks), and illus-

trating the nature of fine-grained sediment deposi-

tion on the floodplain. Note the lack of thick veg-

etation on the floodplain, as the property owners

routinely maintained floor at the time of the photos.

Photo courtesy of Dr. Paul Doss.

gulf, or if pre-collapse loess and/or residuum

contributed to the gulf alluvium.

As the intermittent stream cut down into the

bedrock wall on the northeast side of the gulf

(Fig. 2), it created a series of bedding plane

benches and a small waterfall onto the gulf

floor. Channel modification in the intermittent

stream occurs primarily by dissolution, creat-

ing a dissolved sediment load. However, dur-

ing heavy rainfall, the stream also carries sus-

pended sediments. Minor amounts of

sediment are stored in or along the bedrock

channel indicating that most of the suspended

sediment is transported into the gulf. The lack

of an alluvial fan or fan delta at the base of

the waterfall suggests material transported

into the gulf via this stream has been carried

into the subsurface via one of many sinkholes

in the overflow channel, or is redistributed

over the floodplain by flood waters associated

with the gulf rise. Although no cores were col-

lected from the north end of the gulf, both

depositional scenarios likely occur under spe-

cific circumstances. The surface stream dis-

charge occurs more frequently than does over-

flow flooding in the gulf (Powell pers. comm.
2003). Discharge in the intermittent stream

does not always create a waterfall, as some of

the flow is diverted into fractures before

reaching the rim of the gulf (R. Armstrong

pers. comm. 2003). When discharge exceeds

the capacity of the fractures to divert the wa-

ter, the flow over the waterfall is directed into

the overflow channel 3 at the north end of the

gulf where it is then diverted underground

through a series of swallow holes (Fig. 2). In

order to vertically-accrete sediments on the

floodplain, surface stream discharge must ex-

ceed the capacity of the overflow channel

swallow holes to carry the water. 0\erbank

flooding attributable to the intermittent streani

does occur, but less frequently than flow in the

stream. When the gulf rise floods the o\ erflow

channels, water from the surface stream flow s

into the already flooded gulf, where suspended

sediments are probably redistributed as a

floodplain rather than a delta or fan.

The few boulders partly buried along the

perimeter of the gulf floor indicate that rock

falls contribute some debris to the gulf floor.

although at the surface the amount oi rock

contributed to the alluvium \ ia rock falls ap-

pears minor relative to the area oi allu\ ium

exposed on the gulf floor How e\ er. the total

volumetric contribution of boulders from rock

falls and collapse events is be\ond the scope

of this paper

The decrease in particle si/e w iih distance

away from the rise is attributed to a Llccreasc

in floodwater energ>. During floculing. water

flowing up through the rise transports sedi-

ment as coarse as granule size (2—1- ntnt) and

deposits the particles on the margin of the rise

pit adjacent to the floor (Figs. 7. S). When
flood stage fills the rise pit. the water flows

first into overflow channel 1 (Fig. 2) in the far

southwest side of the gulf until ihc swallow

holes can no longer di\ ert the \ olunic of w ater

discharging into the channel. .As the stage ris-

es higher it o\erflow s in to oxerflow channel

2 (Fig. 2). .As the flood stage exceeds the

swallow hole capacit> and the ele\ alion of the
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:Vv :Mudlines|

Fi2. 6

Figure 6.—Photograph of Wesley Chapel Gulf after a flood in February 1986 showing the mudlines on

tree trunks. Note the lack of thick vegetation on the floodplain. Photo courtesy of Dr. Paul Doss.

overflow channel banks, it inundates the near-

ly horizontal floor of the gulf, flowing north-

west as sheet flood (Powell pers. comm.
2003). When the water leaves the confines of

the rise, energy levels drop, causing deposi-

tion on the gulf floor. The overflow water de-

posits coarse-grained sediments first, and then

progressively finer-grained sediments with in-

creased distance from the rise and correlative

decrease in flow velocity as dictated by a

Hjulstrom model (Hjulstrom 1939).

Couplets consisting of alternating bands of

light and dark sediment at both sites are in-

terpreted to be two parts of a single flood

(Figs. 9, 10). A major flood in the gulf rises

rapidly and has more energy than during the

waning stages of the flood. During the maxi-

mum stage of flooding, the rise overflows the

perimeter channels and the gulf becomes a

steep-walled lake. As water levels fall, the

overflow channels drain water on the floor

back into swallow holes that line the overflow

channels (Malott 1952). Coarser sediment de-

posited as a light band is transported more
readily during the rising stage, whereas silt

and clay-sized fractions that sometimes have

a higher organic component are deposited as

darker bands once the floodwater flow across

the gulf abates.

The lack of preserved bedding and the pres-

ence of paleosols in Unit 2 reflect a change in

soil-forming conditions as compared to Unit

1, specifically the duration between deposi-

tional events. Pedogenesis acts as a homoge-
nizing agent, disrupting original bedding fea-

tures while creating soil horizons (Birkeland

1999). Original bedding is visible in Unit 1,

which suggests sediment deposition outpaced

soil development. Rates of pedogenesis were

apparently more rapid or sedimentation rates

were slower during deposition of Unit 2. In-

creased time between flooding should be ex-

pected as the elevation of the gulf floor in-

creased due to sediment deposition and or

incision occurred due to local base level low-

ering.

Correlation to climate and human influ-

ences.—The high percentage of coarse sedi-

ments at —7 m in both cores (Fig. 4) may
represent climate change. Although pollen re-

cords or other climate proxy data for the re-

gion are scarce, some general statements can

be made concerning past environmental con-

ditions. Shortly after the Wisconsinan glacial

maximum, climates in the midwestern U.S.

were cold, with available moisture similar to

modern levels but likely locked up as ice

(Williams 1974; Bartlein et al. 1984). During

the terminal Pleistocene conditions were still

cool but warming, causing ice and snow to
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Figures 7, 8.—Photographs of sediments proximal to the rise in Wesley Chapel Gulf. Figure 7 shows

the morphology of sediments deposited by water flowing out of the rise. Figure 8 is a close up of sediments

in the area indicated in Fig. 7. Pocket knife shown for scale (13 of 20 cm length exposed).

thaw and become more active again in the hy-

drologic cycle. By the early Holocene, con-

ditions were warm, with fluctuating moisture

levels from drier-than-modern to modern
moisture conditions (Williams 1974; Hollo-

way & Bryant 1985; Baker et al. 1992). The
transitions from climates with cooler temper-

atures and some moisture to those with warm-
er temperatures and less or more effective

moisture affected the vegetation (Williams

1974; Bartlein et al. 1984; Holloway & Bry-

ant 1985; Baker et al. 1992), and altered dis-

charge regimes and sediment loads for the

karst system. Transitions from glacial climates

and cold-tolerant arboreal vegetation to warm-
er climates with non-arboreal hardwood for-

ests and grasses have been shown to increase

soil development (Birkeland 1999). as well as

sediment supply and discharge in streams

(Langbein & Schumm 1958). The increased

erosion in the Lost River basin and sediment

transport initially favored deposition of coars-

er material on the gulf. However, with time

the alluvial gulf floor increased in thickness

Figures 9, 10.—Photographs of small intervals of Core A (Fig. *-)) and Core B (Fig. 10) taken from

depths of 560 cm (-18 ft) and 457 cm (~15 ft), respectively. Sediments show distinctive bedding, ac-

centuated by color differences between the various layers. Color changes are due largeh to differences in

particle size and variability in organic carbon content. Each square on the ruler night) is 1 cm.
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making deposition of coarser materials on the

tloodplain more difficult due to diminished

amounts oi^ coarse sediment and the increased

gulf floor elevation.

The modern climate of relatively mild wet

winters and warm humid summers favored

changes in chemical and physical weathering

and in vegetation patterns, allowing lush hard-

wood forests to develop (Williams 1974; Bry-

ant & Holloway 1985). The transition from

humid to dry climates in the Holocene would

have facilitated stripping of soils developed

on the limestone bedrock during the wetter pe-

riods. As the landscape reached equilibrium

with modern environmental conditions,

coarse-grained materials that were already

limited due to the stripped sandstone caprock

of the overlying Pennsylvanian system of the

Crawford Upland and the soluble Mississip-

pian limestone bedrock of the Mitchell Pla-

teau became scarcer. Increased proportions of

finer-grained sediments from sources such as

loess and terra rosa (insoluble limestone re-

siduum) became the dominant sources of sed-

iment entering the Lost River drainage net-

work. The transition from sandy to

silt-dominated alluvium in Unit 1 represents

the likely response to the transition from the

mid-Holocene warm and dry interval to mod-
ern warm humid climate.

Deforestation and tillage of the landscape

beginning in the 1800's provided ample sourc-

es of hne-grained colluvium and soil that were

transported into the surface and subterranean

drainage networks. The shift in color and bed-

ding characteristics observed in both cores at

the contact between Units 1 and 2 may rep-

resent the influence of widespread deforesta-

tion and agricultural development of the re-

gion. The gulf floor was used sporadically for

agricultural and grazing purposes during the

19()()\s through the 199()\s, until the U.S. For-

est Service took possession of the property in

1996. The presence of finer-grained sedi-

ments, the frequency of paleosol occurrence

and the degree of paleosol development in the

upper 3 m (10 ft) of the cores supports an

anthropogenic influence on erosion and sedi-

mentation in Unit 2 similar to that commonly
observed in other drainage networks (Orbock-
Milleretal. 1993: Taylor & Lewin 1997). Ma-
terial deposited on the fioodplain of the gulf

meant future floods needed to attain higher

stages to get out of the rise pit and overflow

channels and onto the fioodplain. Floods of

sufficient magnitude to inundate the gulf floor

would have occurred less frequently with each

successive depositional event. Physical re-

cords of gulf flooding are not available, and

anecdotal accounts are incomplete and/or con-

tradictory (R. Armstrong pers. comm. 2003;

Powell pers. comm. 2003). Modern flooding

of the gulf occurs sporadically in terms of fre-

quency and time of year over which flooding

occurs (R. Armstrong pers. comm. 2003).

Most floods occur in the spring, although

floods can occur at any time of year. Over the

interval in which data were collected (October

2000 through March 2003), the gulf flooded

only once (March 2003), despite several epi-

sodes of intense rainfall and flooding of sur-

face streams. The infrequent nature of flood-

ing supports formation of minor paleosols in

the upper 3 m (10 ft) of sediment during de-

positional hiatuses, as soil formation outpaced

deposition.

Given the record of late Pleistocene and

Holocene climate change, an alternative ex-

planation may be that soil-forming conditions

intensified and diminished episodically in

conjunction with sediment deposition, creat-

ing conditions whereby soils formed either

more quickly or more slowly. However, the

number of, and degree of development of mi-

nor paleosols in the cores supports the vari-

able rates of deposition scenario. The vari-

ability in the number of paleosols exceeds the

documented shifts in late Pleistocene through

Holocene climates, and speed at which said

climatic changes could manifest themselves in

the pedogenic record.

Modern flooding of the gulf occurs sporad-

ically in terms of frequency and time of year

(R. Armstrong pers. comm. 2003), but most

flooding occurs in the spring. Over the inter-

val in which data were collected (October

2000 through March 2003), the gulf floor

flooded only once (in the Spring of 2003). An-

ecdotal accounts prior to 2000 suggest that

such long intervals between gulf floor flood-

ing may not be typical (Powell pers. comm.
2003).
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CHEMICAL CHARACTERIZATION OF
FRESH, USED AND WEATHERED MOTOR OIL
VIA GC/MS, NMR AND FTIR TECHNIQUES

Elena Dominguez-Rosado and John Pichtel: Natural Resources and Environmental

Management, Ball State University, Muncie, Indiana 47306 USA

ABSTRACT. Motor oil undergoes a range of chemical and physical transformations during routine

engine operation, and oil transformations continue following release to the environment. Some components

of motor oil, particularly used oils, are considered a threat to public health and the environment. Gas

chromatography-mass spectroscopy (GC/MS), Fourier-transformed infrared spectroscopy (FTIR), nuclear

magnetic resonance spectroscopy (NMR), and flame atomic absorption spectrophotometry (FAAS) tech-

niques were employed to characterize the chemical composition of fresh, used, and weathered used oil

samples. Used oil was weathered by adding to soil at a rate of 1.5% (w/w), seeding with mixed grass and

legume species, and incubating. Soxhlet-extractable oil was analyzed over 150 days. Compared with fresh

motor oil, used oil contained new aliphatic and aromatic hydrocarbon compounds such as 1.3,5-trimeth\l

benzene, /7-xylene and methyl ester undecanoic acid. FTIR bands at 1704-1603 cm ' were related to the

presence of carbonyl groups, and bands at 869, 813 and 1603 cm ' were associated with new aromatic

hydrocarbons including polycyclic aromatic hydrocarbons. NMR analysis revealed new peaks in the used

oil in the range 2.1-2.7 ppm and 6.8-7.2 ppm, which were associated with new aliphatic and aromatic

hydrocarbon products, respectively. FTIR and GC-MS analysis of weathered used oil indicated the pres-

ence of various alcohols, aldehydes and ketones, indicating substantial biological and chemical decom-

position. It is not known, however, if detoxification of the used oil occurred.

Keywords: Fourier-transformed infrared spectroscopy, gas chromatography, hydrocarbons, nuclear mag-
netic resonance spectroscopy, used motor oil

From the mid-twentieth century onward,

the standard of living in the United States and

many other industrialized nations increased

markedly. This period also experienced a cor-

responding increase in motor vehicle use. A
significant drawback of increased motor ve-

hicle use has been contamination of soil and

groundwater with crankcase oil, with conse-

quent impacts on ecosystems and public

health.

Efforts to decrease the volume of used mo-
tor oil generated have engendered encourag-

ing results. Approximately 800 million gal-

lons (3,000,000,000 liters) of used oil are

recycled annually for reuse (U.S. EPA 2001).

In the 1970s, as a result of the energy crises,

recycling used oil programs and do-it-yourself

oil-changing and recycling were encouraged

(U.S. EPA 1989). However, significant

amounts of used motor oil continue to be dis-

charged to the environment. The U.S. gener-

ates 63% of the estimated 1.4 billion gallons

(5,300,000,000 liters) of used motor oU gen-

erated annually (Blodgett 1997), and it is es-

timated that 30 percent may not be disposed

of properly. Ninety percent of oil filters from

do-it-yourself oil-changing, which contains 10

million gallons (38.000,000 liters) of used oil.

are not recycled but dumped into trash. \\ ith

the potential of polluting soil and water

(IDEM 2002).

Used motor oil may contain minute quan-

tities of gasoline. additi\es (detergents, dis-

persants. oxidation inhibitors, rust inhibitors.

viscosity improvers), nitrogen and sulfur com-

pounds, a broad range of aromatic and ali-

phatic hydrocarbons with chain lengths rang-

ing from C|5 to Cso- and metals such as lead.

(Pb). zinc (Zn). calcium (Ca). bariuni (Ba) and

magnesium (Mg). These contaminants arise

from normal wear of engine components and

from heating and oxidation of lubricating oil

during engine operation. Used oil ma\ contain

higher percentages o\' pol\ c\ clic aromatic h\ -

drocarbons (P.AHs) and additives compared to

fresh oil (Hew stone 1994: \ azquez-Duhalt

1989). The concentration of PAHs in used oil

mav ranee from 34 to 190 times hieher than

109
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those in fresh motor oil (Grimmer et al. 1982).

Napththalene, acenaphthalenes, dinaphthen-

oanthracenes benzo[<:/]pyrene, and ben-

zol <:/]anthracene were detected in used oil

samples by Cotton et al. (1977) and ATSDR
(1997). PAH compounds represent a direct

hazard to the environment and human health

(Vazquez-Duhalt 1989; Hewstone 1994).

Analytical characterization of oily sub-

stances is hindered by the complex chemical

structure of oil. Characterization by solubility

pro\ides information regarding its chemical

nature, but not chemical structure (Moscho-

pedis & Hawkins 1981). Techniques such as

open column liquid chromatography (LC),

medium pressure LC, and supercritical fluid

extraction separate oil compounds by classes

followed by characterization via other tech-

niques (Barman et al. 2000). Techniques using

mass spectroscopy (MS) have been more suc-

cessful in oil characterization (Dilts 1998).

Grimmer et al. (1982) used glass capillary

GC-MS for PAH inventories of lubricating

oils.

Many petroleum-based hydrocarbon sub-

stances are further degradable after disposal

(Cole 1994; Cunningham et al. 1996; Heinon-

salo et al. 2000; Banks et al. 1999; Shimp et

al. 1993). Unfortunately, there is little infor-

mation regarding the chemical transforma-

tions that such compounds, particularly motor

oils, experience under natural weathering con-

ditions.

Limited studies in the literature have as-

sessed the chemical composition of automo-

tive lubricating oils; however, many of these

papers are dated and new oil manufacturing

technologies, including the use of new addi-

tives, combined with different engine types

and operations will result in the production of

new wastes.

The objective of the reported study is to

elucidate the chemical composition of fresh

motor oil and compare it to used motor oil

and used oil exposed to natural weathering

processes. Analytical techniques including gas

chromalography/mass spectroscopy (GC/MS),
Fourier-transformed infrared spectroscopy

(FTIR), nuclear magnetic resonance spectros-

copy (NMR) and flame atomic absorption

spectrophotometry (FAAS) techniques were

applied for the analysis of oil samples.

METHODS

Used motor oil was collected and combined

from several automobile crankcases. For com-
parison, four fresh motor oil samples, Cas-

trol®, Havoline®, Pennzoil® and Mobil® (all

lOW-40 weight) were obtained.

Gas chromatography/mass spectroscopy

(GC/MS).—One drop of motor oil was placed

in a screw-top vial (2 ml capacity) and diluted

with hexane (HPLC grade) to 1 ml. The run

consisted in the injection of 1 |jl1 of sample by

a CTC A200S autosampler into a Varian mod-
el 3400 GC/INCOS50 MS. The GC was

equipped with a polysiloxane capillary col-

umn 30 m in length, 0.25 mm internal diam-

eter and LOO [jim film thickness. Helium was

the carrier gas. The temperature program con-

sisted of a heating rate of 12° C/min from 45°

C to 325° C with a hold time of 10 min. An
ASTM D2887 calibration standard was pre-

pared at a 20 |jLg/ml concentration. Data were

collected on a Windows-based personal com-
puter. Chromatographs were analyzed by the

Envirolink® program and a library search was
used for identification of chromatographic

peaks. Prior to the injection of samples the GC
capillary column was cleaned by injecting a 1

fxl sample of hexane (HPLC grade).

Fourier-transformed infrared spectros-

copy.—Sodium chloride (NaCl) polished

discs (25 X 2 mm) were used to analyze oil

samples under Fourier-transformed infrared

spectrometry (FTIR). Background spectra

were obtained by scanning two clean discs si-

multaneously in the instrument. One drop of

used oil was placed on one NaCl disc and was

covered with a second NaCl disc. Both discs

were placed in a Perkin-Elmer Spectrum 1000

FTIR instrument. Four scans were carried out

in the 4000-400 cm ' range.

'H Nuclear magnetic resonance spectros-

copy.—'H NMR experiments were carried out

on both fresh and used motor oil. A drop of

oil was placed in a NMR tube. Deuterated

chloroform (CDCI3) was added to 5 ml of the

oil sample and placed in a JEOL Eclipse +400
NMR instrument. NMR data and spectra were

processed by the Delta NMR processing and

control software. Version 3.1. A presaturation

experiment was applied to decrease an intense

signal and observe the baseline in detail. Six-

teen scans were carried out, and the relaxation

time was reduced from 4 sec to 3 sec.
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Atomic absorption spectrophotometry.—
To determine the total metal content of the

used oil, 0.5 g oil was placed in a digestion

flask and 4 ml of concentrated H2SO4 added.

The mixture was placed in a Hach Digestahl®

apparatus; a fractionating column placed at

the top of flask acted as a vacuum, removing

the acid vapor produced by refluxing. After 4

min refluxing at 440° C, 10 ml of H2O2 were

added via a capillary funnel and refluxed for

an additional 2 min (Hach 1989; Baker &
Suhr 1981). After the reflux solution was

cooled, deionized H2O was added to bring the

solution to 100 ml. Concentrations of Ba, Cd,

Cr, Pb and Zn were measured using a Perkin-

Elmer 2280 flame atomic absorption spec-

trometer (FAAS).

Weathering study.—Soil collection and
greenhouse setup: Soil was collected from ag-

ricultural fields in east-central Indiana. The
soil, a Glynwood loam (fine, illitic mesic

Aquic Hapludalf), was transported to the lab-

oratory and air-dried, finely ground with a

mortar and pestle, and sieved through a 2 mm
mesh sieve.

Ceramic pots were prepared containing 1

kg soil and amended with 1.5% (w/w) used

motor oil. The used oil and soil were thor-

oughly mixed using a stainless steel stirring

rod. Pots were seeded with a mixture of plant

species including mixed grasses (creeping red

fescue, Festuca rubra; fawn tall fescue, F.

arundinacea\ perennial ryegrass, Lolium per-

enne)\ and mixed clover (red clover, Trifolium

pratense; ladino clover, T. repens). Pots re-

ceived a pre-plant incorporation of a com-
mercial 10-10-10 fertilizer.

Pots were watered to maintain the soil

moisture content at approximately field capac-

ity. Plants were grown for 150 days under nat-

ural lighting in the greenhouse.

Analysis of used oil in the root zone: Soxhl-

et extraction was utilized to extract oil hydro-

carbons from soil after 100 days incubation

with plants. Sodium sulfate was purified by

drying overnight in an oven at 150° C. Round
Soxhlet flasks were dried at 105° C for 30

min. After cooling, the weight of the round

flask and boiling chips was recorded. Ten

grams of contaminated soil were mixed with

10 g dry Na2S04 and placed in a cellulose

extraction thimble (24 mm outer diameter X
65 mm length). Glass chips were placed at the

surface to prevent the soil from escaping from

the thimble during extraction. A 300 ml vol-

ume of hexane was added to the flask and ex-

tracted for 5 h at 70° C (U.S. EPA 1996a).

The oil/grease obtained from Soxhlet ex-

tractions was recovered for analysis by dis-

solving in 9 ml hexane. Solutions were ana-

lyzed by GC/MS and FTIR. Operating

parameters for both instruments are as shown
above. All glassware was cleaned via acid

washing, and, where appropriate, by CH.Cl to

remove oily residues.

RESULTS AND DISCUSSION

Gas chromatography.—The GC-MS spec-

tra of hydrocarbon compounds occurring in

both the fresh and used motor oil were ex-

pressed as broad bell-shaped curves from 24—

40 min (Figs. 1, 2). The noise observed in this

portion of the fresh oil spectrum hindered

identification of many of the abundant peaks.

Matching of GC peaks with the computer li-

brary ranged between 46-87%. The used mo-
tor oil GC/MS spectrum (Fig. 2) revealed nu-

merous new and more intense peaks from 6—

40 min compared to those in fresh oil. The

most abundant peaks were located between

1 1—22 min. Likely compounds were identified

as methyl ester undecanoic acid. L3.5-tri-

methyl benzene and xylene. Benzene-based

compounds and naphthalene-related compo-
nents are the predominant hydrocarbon struc-

tures in the composition of the used motor oil.

Napththalene, acenaphthalenes. dinaphthen-

oanthracenes benzo[<:/]pyrene. and ben-

zo[<7]anthracene were detected in used oil

samples by Cotton et al. (1977) and ATSDR
(1997).

GC/MS spectra of oil recoxered from the

vegetated soil treatment at 100 da\s (Fig. 3)

revealed aliphatic and aromatic peaks associ-

ated with nascent h>drocarbons. prcsuniabh

formed by the biodegradation o\' used oil in

the rhizosphere (root zone). After 100 da\ s.

methyl ester dodecanoic acid and incih\l tc-

tradecanoate were detected \\ iih a '-)4'
< match.

Alcohols. aldeh\des and organic acids are

common products oi' the so-called "beta-oxi-

dation' sequence of k^ng-chain aliphatic com-

pounds. This is promising data, showing that

potential!) toxic oih wastes are being metab-

olized b\ nati\e soil microbial populations. It

is not known. howe\er. if detoxification of the

used oil occurred.

In addition, sexeral unidenlitiablc com-
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Figure 1.—Gas chromatography-mass spectros-

copy (GC/MS) spectrum of a fresh sample of motor

oil.

pounds occurred in the soil extracts. Based on

previous studies, these may be branched

chains (see Chaineau et al. 1997). Additional

studies are needed to further elucidate this so-

called "unrecognized complex matter."

Fourier-transformed infrared spectros-

copy.—There were few notable differences in

FTIR spectra between the four brands of fresh

motor oil (Fig. 4); all samples possessed ab-

sorption bands in the same regions. In the

used motor oil FTIR spectrum, new bands

were observed at 1704.29 cm' and 1603.13

cm ' (Fig. 5) indicating short-chain com-
pounds with carbonyl groups from esters, ke-

tones or acids (Kadam & Zingde 1985). These

compounds are commonly formed in motor
oil via chemical oxidation processes (Vaz-

quez-Duhalt 1989). Organic acids, e.g., meth-

yl ester undecanoic acid, were also identified

by GC/MS. The used oil possessed a band at

1 157.92 cm ' (Fig. 5) which, according to Ka-
dam & Zingde (1985), may correspond to per-

oxide compounds. Bands at 704.29 cm~' and

1603.13 cm ' are due to the presence of un-

saturated additives (Zieba-Paulus & Kosciel-

niak 1999). According to Rashid et al. (1990)

and Kadam & Zingde (1985), bands at 1229

cm ' and 724 cm ' may be associated with

the formation of nitrates from the oxidation of

nitrogen oxide compounds.

Additives such as Zn, Ca and Mg salts or

organic acids (i.e., sulphonate and phelonate)

show bands in the range 600-1300 cm ' and
1500-2000 cm ' (Geach 1996; Kadam &
Zingde 1985). A split band observed at 2925
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Figure 2.—Gas chromatography-mass spectros-

copy (GC/MS) spectrum of a sample of used motor

oil. Peak 1 = toluene; 2 = 1,2-dimethyl benzene;

3 = /^-xylene; 4 = (2,2'-binaphalene)-l,4,8'(5"H)-

tricone; 5 = 1,2,3-trimethyl benzene; 6 = 1-ethyl-

2-methyl benzene; l-ethyl-3-methyl benzene; 7 =

1,3,5-trimethyl benzene; 1,2,3-trimethyl benzene;

8 = l-ethyl-3,5-dimethyl benzene; 1,2-diethyl

benzene; 9 = 1,2,3,5-tetramethyl benzene; 10=1-
methyl-3-(I methyl ethyl) benzene; 1,2,3,4-tetra-

methyl benzene; 11 = l-methyl-2-(2 propenyl)-

benzene; 12 = naphthalene; azulene; 13 =

1 -methyl-naphthalene; 14 = 2-methyl naphthalene;

1 -methyl naphthalene; 15 = 1,1,3,3,5,5,7,7,9,9,11,11-

dodecamethyl; hexasiloxane; 16 = decane; 5-meth-

yl undecane; 17 = hexadecane; tricosane; henei-

cosane; 18 = eicosane; 2-methyl-tridecane; 19 =

methyl ester undecanoic acid; methyl ester tride-

canoic acid; 20 = 2-methyI tridecane; heptadecane;

21 = eicosane; phytane; 22 = hexacosane; dotria-

contane; 23 = eicosane; 24 = 1-bromo pentade-

cane; 25 = eicosane; 26 = eicosane; 27 = eicosane.

260000

240000

220000

200000

180000

160000

140000

120000

100000

80000

60000

40000

Vr^,
2500 30,00 3500 40 00

Minutes

Fig

copy

from

ure 3.—Gas chromatography-mass spectros-

(GC/MS) spectrum of a sample of motor oil

weathered soil after 100 days.
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Figures 4-6.—Fourier-transformed infrared spectroscop> (FTIR) spectra of motor oils. 4. Four fresh

motor oil samples; 5. Used oil; 6. Oil from weathered soil at da\ s (control). 50 da\s. 100 da\s. and

150 days.
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Figures 7, 8.—Nuclear magnetic resonance spec-

troscopy (NMR) spectra of oils. 7. Fresh sample; 8.

Used oil sample.

cm ', and bands at 1460 cm ' and 1376 cm '

occur due to the presence of a mixture of hy-

drocarbon compounds with small chain

lengths and C-H branching vibrations within

-CH- groups in the used oil.

There is evidence of the presence of aro-

matics and/or PAHs in the used oil since new
bands appear at 869.4 cm ', 813.2 and 1603.1

cm '(Fig. 5), representing hydrocarbons in the

aromatic ring (Geach 1996). On average,

PAHs comprise about 4-8% of hydrocarbons

within used motor oils. Used crankcase oil

commonly contains PAHs such as napththal-

ene, benzo[fl]pyrene, and benzo[a]anthracene

(ATSDR 1997). Cotton et al. (1977) reported

that polyaromatic-polar compounds (i.e.,

acenaphthalenes, tetranaphthenophenanthre-

nes, dinaphthenoanthracenes) accounted for

6.5% of a used motor oil sample.

FTIR analysis of oil residues over 150 days

weathering in the plant root zone is shown in

Fig. 6. Bands related to C-H vibrations appear

in the range 2957-2850 cm'. An intense

band occurs at 1460 cm ' and a less intense

band at about 1377 cm' which may be pro-

duced by a mixture of compounds with small

chain lengths and branching vibrations from

C-H of the methylene (—CH2— ) chains in used

oil. A broad and intense band occurred at

3424 cm' and a new band appeared at 1645

cm', both of which are related to the O-H
stretching band and the H-O-H bending vi-

brations of water. A band at 1740 cm ' is as-

sociated with carbonyl groups in ketones, al-

dehydes and/or acids. Bands also appear at

1707 cm"' and 1709 cm ' and may be asso-

ciated with new carbonyl groups arising from

microbial oxidation of the oil in the rhizo-

sphere. New bands occur at 1708 cm~' and

1740 cm ' which may correspond to new car-

bonyl-based compounds, possibly ketones or

aldehydes generated by microbial oxidation

processes.

Nuclear magnetic resonance spectrosco-

py.—Differences in NMR spectra were ob-

served between the fresh and used motor oils

(Figs. 7, 8). Used oil 'H NMR spectra showed
the presence of new aromatic peaks compared

with new motor oil. New aromatic peaks were

observed in the used motor oil between 7.2-

6.8 ppm and new aliphatic compounds in 2.1-

2.7 ppm range (Fig. 8). These new compounds
may arise from the formation of PAHs, nitro-

gen-based compounds, i.e., nitrates (Kadam &
Zingde 1985) and other substances, i.e., acids,

esters and peroxides (Kadam & Zingde 1985;

Geach 1996) formed during engine operation.

NMR analysis was not carried out for the

weathered hydrocarbons extracted from the

soil.

Metal concentrations.—The used oil con-

tained 838.0 mg/kg Zn, 1 10.0 mg/kg Pb, 9.4

mg/kg Cd and 4100 mg/kg Ba. Chromium
was not detected. These numbers are substan-

tially below that found in many earlier papers;
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for example, Raymond et al. (1975) measured

7500 mg/kg Pb, 260 mg/kg Fe, 1500 mg/kg
Zn, 17 mg/kg Cu and 21 mg/kg Cr in used

oil. Cotton et al. (1977) reported, in 30 used

oils, concentrations of 13,885, 655, 2500, 56,

and 24 mg/kg of Pb, Fe, Zn, Cu and Cr, re-

spectively. Vazquez-Duhalt (1989) measured

7000 mg/kg Pb, 1100 mg/kg Zn, 28 mg/kg
Cu, 10 mg/kg Cr and 1 mg/kg Ni. The Agency
for Toxic Substances and Disease Registry

(ATSDR 1997) measured 240 mg/kg Pb, 480

mg/kg Zn, 3 mg/kg Cd, and 6.5 mg/kg Cr. The
varied metal distributions reported for used

motor oil samples are a function of total en-

gine operating time and mechanical condition

of the engine. Furthermore, the elevated Pb
concentrations reported in earlier papers is

typically the result of contamination by leaded

fuels.
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THE LATE ARCHAIC COMPONENT
OF THE MILES SITE, CLARK COUNTY, INDIANA

Andrew A. White: Archaeological Survey, Indiana University-Purdue University at

Fort Wayne, 2101 East Coliseum Boulevard, Fort Wayne, Indiana 46805 USA

ABSTRACT. The Miles site (12-C1-158) was defined as a large lithic scatter on a terrace of the Ohio

River in Clark County, Indiana. Excavations conducted in advance of sand and gravel mining operations

resulted in the documentation of a variety of cultural features and the collection of numerous hafted bifaces

and cores dating to the Late Archaic period (ca. 5000-3000 ybp). The truncated remains of earth ovens,

small storage/refuse pits, and mortuary features indicate a variety of activities took place at the site.

Together with the lithic and feature data, the overall structure of the site suggests that repeated, intermittent

occupations by small groups produced the bulk of the deposits and materials. The scale and scope of the

McWhinney component suggests an intermediate level of site use that does not fit comfortably into a

dichotomous "base camp/extractive site" model of Late Archaic settlement in the middle Ohio Valle\

.
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ology

Late Archaic, hunter-gatherer settlement, McWhinney Heavy Stemmed, Ohio Valley archae-

The Miles site (12-C1-158) was defined on

the surface as a large (ca. 7.5 ha) lithic scatter

extending approximately 450 m along the

scarp and margin of the Wisconsin (late Pleis-

tocene) terrace in the Bethlehem Bottom,

Clark County, Indiana (Fig. 1). The Bethle-

hem Bottom is situated on an inside bend of

the Ohio River between Ohio River Miles 574

and 578, approximately 50 km upriver from

the Falls of the Ohio at Louisville, Kentucky.

Ongoing sand and gravel mining activities

have been the impetus for several archaeolog-

ical efforts in the bottom during the last sev-

eral decades (Brinker et al. 1980; Granger et

al. 1973; Mocas 1995; Mocas & Smith 1994,

1996; Munson 1976; Richardson 1982; Smith

1995; Smith et al. 1999; Smith & Mocas
1996; Waters et al. 2001; White 1999, 2002).

Although diagnostic hafted bifaces suggest the

most intensive use of the bottoms occurred

during the Early Archaic, Late Archaic, and

Middle Woodland periods, all prehistoric pe-

riods are represented (White 1999).

The Miles site was the largest and densest

scatter identified in the surveyed portions of

the bottoms. Together with the immediately

adjacent sites, the lithic scatter on this portion

of the terrace encompassed approximately

11.8 ha. Munson (1976) considered the ma-
terials at the site to be reflective of a major

habitation, as did Mocas & Smith (1996). Late

Archaic hafted bifaces dominated the diag-

nostic surface assemblages reported by both

Munson (1976) and Mocas & Smith (1996).

Excavations were undertaken at the Miles

site in 1998 and 1999 by Indiana Uni\ersity-

Purdue University Fort Wayne (Smith et al.

1999; White 2002). Excavations focused on

extensive mechanical stripping of plow zone

(approximately 14,577 m-) and resulted in the

documentation of 35 subplowzone anomalies.

Twenty-two of these anomalies were hand ex-

cavated and determined to be of definite or

probable cultural origin (Fig. 2). Flotation

samples from ten features were analyzed by

Bush (2002). Many of these features had been

significantly truncated by plowing, and there

was no evidence of intact, nondiscrete depos-

its such as midden. Following e\ca\ ations. the

Miles site was completeh destroyed b\ sand

and gravel mining.

LITHICS

Excavations resulted in the eoUeetion of

over 9,500 prehistoric artifacts, including ^)3

hafted bifaces. 210 bifaces/bifaee fragments.

16 formal/semi formal unifaees. 183 cores, and

15 groundstone tools. Classified hafted bifaces

from the site include t>pes dating to the Pa-

leoindian through Early Woodland periods

(Table 1). Late Archaic t\pes are the most nu-

merous.

Late Archaic hafted bifaces.—.A total of

117
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Figure 1.—Location of the Miles site (12-C1-158).

72 hafted bifaces, hafted biface fragments, and

preforms were confidently or tentatively attri-

buted to the Late Archaic period. Although
the typed assemblage includes Matanzas (n =

1), Table Rock (n = 1), and Motley (n = 1)

hafted bifaces. Late Archaic Stemmed forms

(n = 63) are the most common (Table 1, Fig.

3). Late Archaic Stemmed points were col-

lected from both feature (n = 11) and nonfea-

ture (/? = 52) contexts.

As defined by Justice (1987), the Late Ar-

chaic Stemmed cluster includes the Karnak
Unstemmed, Karnak Stemmed, and Mc-
Whinney Heavy Stemmed types. McWhinney
Heavy Stemmed forms {n = 55) dominate the

Miles excavation assemblage and surface col-

lections from the site (Mocas & Smith 1996).

The assemblage includes 12 McWhinney
points that have been reworked into endscra-

pers.

McWhinney and cognate hafted biface

forms (see Justice 1987) have been studied in

varying detail by Mocas (1976), Justice

(1987), and Vickery (1972). Generally, these

points are relatively thick forms with haft el-

ements that vary from lanceolate (Karnak Un-

stemmed) to expanding stemmed and side-

notched (McWhinney Heavy Stemmed).

In terms of overall size and morphology,

the excavated McWhinney assemblage is con-

sistent with the description provided by Jus-

tice (1987). While the sample includes points

with a variety of haft configurations, the over-

all dimensions of the hafts are fairly consis-

tent, suggesting that some of the haft variation

may be random, temporal, functional, or sty-

listic, rather than technological, in nature

(White 2002).

Cores.—Given the predominance of Late

Archaic hafted bifaces at the Miles site, it is

likely that many of the cores (n = 183) are

associated with Late Archaic use of the site

(Fig. 3). Most of the cores are "casual" or

amorphous forms (where flake detachment
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Feature 11 (I)

Feature 15 (S/R)

Feature 14 (S/R)

Feature 41 (I)

Feature 16 (T)

Feature 17 (T)

Feature 1 8 (T,S/R)^

Feature 38 (I)

Feature 32 (I)

Figure 2.—Location of surface artifact concentrations (as defined by Mocas & Smith [
l'-)*-)^]). excaMi-

tions, and cultural features at the Miles site. Feature designations are: T = thermal feature: M = mortuar\

feature; S/R = storage refuse feature; I = indeterminate feature.

was neither intensive nor directed enough to

produce a conical, discoidal, or spherical

shape) made of locally available Laurel/Mar-

ble Hill cherts. Cores were likely produced

both during the production of flakes (for use

in cutting and scraping tasks) and during bi-

facial reduction. Casual cores similar to those

from the Miles site have been associated with

Late Archaic components in similar settings

(e.g., White 2001).

CULTURAL FEATl^RES

Cultural features from the Miles site in-

clude thermal/cooking features (n = 5). pos-

sible storage/refuse pits (// = 3). mortuarx fea-

tures (// = 4), and features of indeterniinate

class (// = 10) (Table 2). Features were haiid-

e\ca\ated using standard teehtiiqucs. Most ex-

cavated sediment was drx screened through

V4" (= 5 mm) mesh. Botanical reniains froni

flotation samples were anah zed bx Bush
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Table 1.—Hafted bifaces collected from the Miles site during excavations. Hafted bifaces recovered

from features and denoted with an asterisk. Cluster terminology and age follow Justice (1987).

Period Cluster n Provenience

Paleoindian Unidentified 1 Trench

Early Archaic Kirk Corner Notched 3 Trench

Early Archaic* Kirk Corner Notched 1 Feature 37

Early/Middle Archaic Large Side Notched 2 Trench

Late Archaic Matanzas 1 Trench

Late Archaic Table Rock 1 Surface

Late Archaic Late Archaic Stemmed 52 Surface/trench

Late Archaic* Late Archaic Stemmed 2 Feature 12

Late Archaic* Late Archaic Stemmed 2 Feature 20

Late Archaic* Late Archaic Stemmed 2 Feature 22

Late Archaic* Late Archaic Stemmed 2 Feature 37

Late Archaic* Late Archaic Stemmed 2 Feature 38

Late Archaic* Late Archaic Stemmed 1 Feature 41

Late Archaic? Unidentified 4 Trench

Late Archaic/Early Woodland Motley 1 Surface

Late Archaic/Early Woodland? Unidentified 2 Surface/trench

Early Woodland Dickson 1 Trench

Unidentified Unidentified 12 Surface/trench

Unidentified* Unidentified 1 Feature 3

(2002), and carbon samples from four of the

features were assayed (Table 3). Three of the

radiocarbon dates (from Features 12, 17, and

37) are Late Archaic in age, while the fourth

(from Feature 21) is more recent.

Thermal features.—Features 16, 17, 18A,
21, and 26 were thermal/cooking features

(Fig. 4). These features showed evidence of in

situ heating, and probably functioned as

hearths, earth ovens, or roasting pits. No di-

99-3-1201-158/

E.ext. 16-159

99-5-1 201-158/

Fea-12-354
99-5-1201-158/

Fea-37-519

98-2-1201-1 58-c/

ST-126-L1-504

Figure 3.

site.

Examples of McWhinney Heavy Stemmed hafted bifaces and a casual core from the Miles
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Table 2.—Size, shape, and function of cultural features documented at the Miles site. Dimensions are

in plan (cm).

Feature Class Dimensions Description

2 Indeterminate 90 X 96

3 Indeterminate 80 X ?

11 Indeterminate 53 X 47

12 Mortuary 84 X 102

13 Indeterminate 20 X 42

14 Storage/refuse 60 X 65

15 Storage/refuse 20 X 21

16 Thermal 71 X 71

17 Thermal 58 X 58

18A Thermal 90 X 103

18B Storage/refuse 35 X ?

19 Indeterminate 29 X 27

20 Mortuary 80 X 103

21 Thermal 130 X 98

22 Mortuary? 20 X ?

25 Indeterminate 75 X 60

26 Thermal 95 X ?

32 Indeterminate 60 X 50

35 Indeterminate 80 X 70

37 Mortuary 120 X 45

38 Indeterminate unknown
41 Indeterminate unknown

Shallow, amorphous stain; non-oxidized fill

Shallow stain of unknown dimensions; non-oxidized fill

Shallow, circular/elliptical pit/basin; non-oxidized fill

Elongated basin with rounded bottom and sloping sides;

oxidized fill

Elongated stain; oxidized fill

Circular pit with steep sides and rounded bottom;

non-oxidized fill

Circular pit with steep sides and rounded bottom;

non-oxidized fill

Circular basin with steep sides, flat bottom; oxidation ring

Circular basin with gently rounded bottom; oxidation ring

Conical pit; oxidized zone

Circular pit with rounded bottom; lightly oxidized fill

Shallow, circular stain; oxidized fill

Elongated basin with sloping sides and bottom; partly

oxidized fill

Circular/oval basin with flat bottom and sloping sides;

oxidized ring and charcoal zone

Shallow, oxidized stain

Shallow basin with gently rounded bottom; oxidized fill

Circular/oval pit/basin with conical profile; oxidized fill

Oval basin with oxidized fill

Shallow pit/basin with rounded/conical base; oxidized fill

Elongated basin with gently rounded bottom; oxidized fill

"Cache" of two hafted bifaces; no pit discerned

Oxidized deposit of unknown size and shape

agnostic artifacts were recovered from these

features. A possible Late Archaic Stemmed
cluster hafted biface fragment was recovered

from Feature 21. Charcoal from this feature

returned a Middle Woodland date, however
(Table 3).

Features 16 and 17 were circular basins

with steep sides and flat bottoms. Their struc-

tural characteristics suggest that they were

earth ovens (White 2002). Feature 16 appears

to have been cleaned out and used as a refuse

or storage pit after its last use as a cooking

pit. Feature 17 contained a remnant of the last

rock "charge'' that was used to heat the items

placed in the pit. The stratigraphy of Feature

17 suggests an order of construction and use

similar to that discussed by Dering (1999). A
flotation sample from Feature 17 contained

more nutshell by both count {fi = 63) and

weight than all the other analyzed flotation

Table 3.—Radiocarbon dates from Features 12, 17. 21, 37. Samples were analyzed by Beta Anahtic.

The dates from Features 12 and 37 are AMS dates from charcoal recosered from flotation sanip^les. The
Feature 17 date is from charcoal originating in the charcoal lens and the southwest quadrant of the feature.

The Feature 21 date is from a large piece of charcoal from the charcoal /one.

Conventional 2 Sigma range

Sample ID Provenience radlocarbon age (>bp) uncalibrated t\bp) 13C 12C ratio

Beta- 164348 Feature 12 4150 ± 40 4230-4070 -24.3 ^Ir

Beta- 164349 Feature 17 3130 ± 70 3270-2990 -25.5 ^~c

Beta- 164350 Feature 21 1650 ± 60 1770-1530 -26.1 ""r

Beta- 164351 Feature 37 4140 ± 40 4220-4060 -23.6 '~r
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samples combined (Bush 2002). Given the in-

tact structure of the feature, the concentration

of nutshell appears to be a result of primary

deposition.

Feature 18A was a large, conical pit filled

with both oxidized and non-oxidized sedi-

ments. Portions of the base and sides of the

feature were bounded by a thin zone of oxi-

dized sediment overlain by discontinuous

charcoal deposits. The analyzed flotation sam-

ples contained no nutshell or other charred bo-

tanical remains (Bush 2002). The thin layer of

charcoal and oxidized clay bounding the fea-

ture suggests in situ burning of low intensity

or short duration.

Feature 26 was a circular/oval pit with slop-

ing sides and a pointed bottom. Feature 26

appears to have been similar to Feature 18A.

Possible storage/refuse pits.—Features 14,

15, and 18B are interpreted as possible storage

or refuse pits. These features are small pits

with no evidence of in situ heating or burning.

A storage and/or waste disposal function is

inferred based on the lack of evidence for use

in any other capacity. No diagnostic artifacts

were recovered from these features.

Mortuary features.—Based upon their

size, shape, structure, and associated artifacts.

Features 1 2, 20, and 37 are mortuary features.

These features are deposits of oxidized sedi-

ment that differ from the Late Archaic thermal

features in terms of their size (lengths over 1

m), shape (elongated in plan view rather than

circular), and structure (no evidence of heat-

ing other than the oxidation of the fill). Hu-
man remains from these features are limited

to a single navicular from Feature 37. This

navicular bone was the only bone recovered

from the site during excavations.

Features 12, 20, and 37 were elongated, ba-

sin-shaped deposits of oxidized, clayey sedi-

ment (Fig. 4). A small cluster of lithic artifacts

was present in the central portion of Feature

12. This cluster included conjoining fragments

of two bifaces, one of which is an incomplete

(missing the stem and base) McWhinney
Heavy Stemmed. Another McWhinney was
present in the western portion of the feature,

and three beads (two disc-shaped cannel coal

beads and one tubular sandstone bead) were
present in the eastern portion of the deposit.

One complete McWhinney and a distal

fragment of a probable Late Archaic Stemmed
point were recovered from Feature 20. The

complete point was in the central portion of

the feature. Three halted bifaces were recov-

ered from Feature 37: one complete Mc-
Whinney, one incomplete McWhinney (miss-

ing the stem and base), and one Kirk Corner

Notched. The complete McWhinney and the

Kirk were in close proximity in the central

portion of the feature.

Most of Feature 22 was removed during

mechanical stripping. What remained of the

feature suggested a shallow deposit of oxi-

dized sediment. Two McWhinney Heavy
Stemmed hafted bifaces (one complete and

one incomplete) were recovered from the dis-

turbed portions of the feature. The size, shape,

and fill characteristics of this feature, coupled

with the presence of the two hafted bifaces,

point to a possible functional similarity to

Features 12, 20, and 37.

It is not clear exactly what kind of mortuary

behaviors produced the features at the Miles

site. Although the sediments in the feature fill

have been heated, an in situ "cremation pit"

interpretation is difficult to reconcile with the

presence of unheated lithic artifacts and the

near absence of bone and charcoal in the ox-

idized fill (Smith et al. 1999; White 2002).

The navicular from Feature 37 was not cal-

cined. The fill of Feature 37 was not homo-
geneously oxidized, suggesting the possibility

that oxidized sediment may have been placed

in the pit rather than heated in situ. In all, the

characteristics of these features are inconsis-

tent with the high, sustained temperatures nec-

essary for cremation (see Bellomo 1993;

Buikstra & Swegle 1989; Goffer 1980; White

2002).

It is possible that oxidized sediments were

used as burial pit fill because of their color.

The use of red pigments in mortuary ritual has

a long hiMuiy in the Eastern Woodlands and

has been documented in Late Archaic contexts

within the Ohio Valley region and elsewhere

(e.g., Boisvert 1986; Bowen 1977; Erlandson

et al. 1999; Lewis & Kneberg 1959; Lewis &
Lewis 1961; Mocas 1976; Pleger 2000; Rit-

chie 1945; Webb 1946; Winters 1969). A cur-

sory review of the literature did not produce

any examples of oxidized sediment being used

as pit fill, however, or any good examples of

burials being placed in fired pits and covered

with oxidized sediment.

The elongated shapes of the intact portions

of the Miles mortuary features contrast with
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Figure 4.—Thermal and mortuary features from the Miles site

the circular burial pits described at a number
of Ohio Valley sites, for example Glacken

(15-Be-272) (Boisvert 1986), Rosenberger

(15-Jf-18) (Driskell 1979), and Patriot 2 (112-

Sw-99) (Boisvert 1986; GAI 1984) sites

where burials were also associated with

McWhinney or McWhinney-like materials.

Featuie 56 at the Late Archaic-occupied Ar-

rowhead Farm site (15-Jf-237), which was ap-

parentl)' a burial, was also roughlx circular

(Mocas 1976).

The size oi' the nioriuarx features ai ihc

Miles site is consistent w iih tlcsh burials, per-

haps interred in semi-tlcxcd or extended po-

sitions. The presence of the na\ icular is also

consistent w ith a tlesh burial rather than a sec-

ondar\ burial of disarticulated reniaiuN. While

the dearth of bone in the features niieht sue-
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gest that human remains may have been re-

moved subsequent to burial (cf. Munson &
Cook 2001), the lack of bone from the site as

a whole indicates that poor preservation may
be a more likely explanation.

Indeterminate.—Features 2, 3, 11, 13, 19,

25, 32, 35, 38, and 41 are features of indeter-

minate origin or function. Features 2 and 3

may not have been of cultural origin and are

not shown in Fig. 2. Feature 1 1 was a pit/basin

with non-oxidized fill. Features 13, 19, 25, 32,

35, and 41 were deposits of oxidized sediment

that could be the remains of either mortuary

or nonmortuary features. The low frequency

of oxidized deposits at sites of a similar age,

such as Patriot 2 (GAI 1984), suggests that

some of the oxidized deposits at the Miles site

lacking evidence of in situ burning might be

mortuary related. Given the apparent extent of

plow disturbance at the Miles site, it seems

unlikely that most of these deposits are the

shallow remains of surface fires. Feature 38

was represented only by a pair of McWhinney
hafted bifaces encountered below plowzone

with no discernable pit associated. It may
have been the basal remnant of a mortuary

feature.

SPATIAL, TEMPORAL, AND
FUNCTIONAL DIMENSIONS OF THE

MILES SITE

Spatial dimensions of site structure.—
Mocas & Smith (1996) discerned three areas

of varying artifact density during surface sur-

vey of the Miles site (Fig. 2). The highest den-

sities of cultural material were observed at the

eastern and western ends of the site (Concen-

trations A and B). Lighter densities of cultural

material were observed extending approxi-

mately 200 m along the margin and slope of

the terrace in the central portion of the site.

Intact features were documented within a

relatively narrow (approximately 25 m wide)

zone extending across the central and western

portions of the site. There were only two in-

stances where features seemed to be super-

imposed. Most of the intact features ( 1 8 of 2 1

,

including all of the larger thermal features and

the definite mortuary features) were located in

the area with the lightest surface artifact den-

sities.

It is not clear whether the spatial disjunc-

tion between the surface artifact concentra-

tions and the intact features is due to the ef-

fects of modern agriculture (i.e., plowing and

erosion) or is reflective of original elements

of site structure. If many of the surface arti-

facts were originally in feature contexts,

plowzone artifact density would be expected

to be higher in those portions of the site where

all artifacts have been incorporated into the

plowzone (i.e., instead of remaining in sub-

plowzone features). Conversely, areas of

greater or lesser surface artifact density may
have been used differently during the site's

occupations. Areas of higher artifact density

may have been midden areas, "throw zones,"

or specialized activity and refuse abandon-

ment/discard areas, for example, while lower

density areas may have been habitation areas

that were kept relatively clean of debris. It is

difficult to choose between these possibilities

given the available data. It is worth noting,

however, that the numbers of lithic artifacts

present in the intact portions of features were

not great, and it is difficult to imagine that the

hundreds of broken McWhinney points and

cores from the site originated from discrete

subsurface deposits. It seems more likely that

all or portions of the site were originally cov-

ered by thin sheet midden deposits that de-

veloped as cultural debris accumulated on the

site surface during use. These deposits may
have been of varying thickness, discreteness,

and artifact content. While no such deposits

were identified during excavations, they

would not be expected to have survived the

deflation and mixing of surface and near-sur-

face sediments that took place as a result of

plowing and erosion.

Temporal dimensions of site use.—Botan-

ical remains, diagnostic artifacts, and three of

the four radiocarbon dates from the Miles site

are consistent with a predominantly Late Ar-

chaic use. In all, the data suggest most inten-

sive use of the site during the period 4230-

2990 ybp.

The 2 sigma ranges of the radiocarbon dates

from Features 12 and 37 are statistically con-

temporary and suggest creation of these fea-

tures during the period 4230-4060 ybp. The
mortuary features are associated with Mc-
Whinney point forms, and the radiocarbon

dates are consistent with previously reported

dates for McWhinney Heavy Stemmed and

cognate point forms (Boisvert 1986; Brooks

et al. 1979; GAI 1984; Maslowski et al. 1995;

Mocas 1976; Mocas & Smith 1986; Robinson
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& Smith 1979; Turnbow et al. 1983, cited by

Jefferies 1988; Vickery 1976).

The date from the earth oven (Feature 17)

does not overlap the two mortuary feature

dates at its 2 sigma range (3270-2990 ybp)

and suggests an occupation some 800-1200

yr later. This date range is often associated

with Merom hafted bifaces in the Ohio Valley

and elsewhere (e.g., Duerksen & Doershuck

1998; Ledbetter & O'Steen 1992; Vickery

1976).

Site function.—Inferences about site func-

tion can be based on information from the cul-

tural features and materials documented at the

Miles site. Questions about the function of in-

dividual sites during the Late Archaic period

are particularly relevant given the expecta-

tions of several different models of settlement

and subsistence during this period.

The presence of mortuary features at the

Miles site is consistent with a number of pos-

sible functions, as such features occur at Late

Archaic sites of varying size and setting. The
distinctive mortuary features at the Miles site

are broadly contemporary with those at other

McWhinney-related sites in Indiana, Ken-

tucky, and Ohio.

The circular, thermal features were presum-

ably constructed for food processing/prepara-

tion activities. The botanical remains from the

features offer few specific clues regarding the

plant and animal species that may have been

consumed at the site. No faunal remains were

recovered.

Botanical remains are largely limited to

wood charcoal and charred nutshell. Many re-

searchers feel that nuts were of central im-

portance to Middle/Late Archaic {ca. 7000-
3000 ybp) subsistence economies in the Ohio
Valley and elsewhere (e.g., Munson 1986;

Stafford 1991). Charred nutshell is often pre-

sent in substantial quantities at both habitation

sites and specialized nut processing camps
(e.g., Stafford 1991), and available evidence

suggests that nuts (especially hickory) were

procured and processed in bulk as part of a

logistical foraging strategy.

While the quantity of nutshell at the Miles

site is not great, the largest amounts were in

flotation samples from Features 16 and 17 (see

Bush 2002). Both hickory and walnut shell

was present. The relatively large amount of

burned nutshell that was present in the flota-

tion samples from Feature 17 suggests that

nutshell either was being used as a fuel or that

nuts were being processed in the oven. Nut-

shell was completely absent from the two flo-

tation samples taken specifically from the

charcoal lens in Feature 17, arguing against

incorporation of the nutshell as fuel. The pres-

ence of both walnut and hickory nutshell in

these features is curious, however, given that

the most efficient processing "trajectories" of

these two varieties of nuts were quite different

(see Munson 1984). It is possible that the fea-

ture contents do not represent a single firing

event or that burned nutshell from outside the

feature was incidentally introduced into the

fill.

The quantity and distribution of nutshell

does suggest, however, that nuts were pro-

cessed to some degree at the Miles site. There

was no evidence of bulk storage features at

the site, and primary nut shelling tools such

as pitted stones were almost completely ab-

sent (only one specimen was recovered during

excavations). Pestles {n = 4) were recovered

in greater numbers. Although no grinding

slabs were collected during excavations, Mun-
son (1976) collected two grinding slabs during

her survey. Munson (1976) also reported that

pitted stones and pestles were recovered from

several of the surrounding sites. It is possible

that nuts were either processed in small quan-

tities or were brought to the site ha\ ing al-

ready been shelled elsewhere.

The heavy scatter of burned/broken rock at

the Miles site may be a product of earth o\ en

firing and/or stone boiling. Based on experi-

mental data, Dering (1999) concluded that

"because multiple earth-oven firings generate

an abundance of refuse, the archaeological

signature is inordinately greater than the food-

calorie yield." In other \\'ords. the large

amount of fire-cracked rock that is generated

during the use of earth o\ens may give an

inaccurate picture of the importance of the

plant/animal resources that were being pro-

cessed. The small number of earth o\ ens and

the small amounts of chaiTed nutshell tVoni the

Miles site suggest that priniar\/bulk nut pro-

cessing ma> have played a rather sniall role

in activities at the site. Likewise, the di\erse

chipped stone tool in\entor\ contrasts with

those documented at the specialized nut pro-

cessing camps described b\ Stafford O'^^^H-

The chipped stone tool assemblage is dom-
inated bv Mc\Miinne\ Hea\ \ Stemmed hafted
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bifaces, many of which were snapped across

the blade. The large number of distal Mc-
Whinney fragments in the assemblage sug-

gests that points were broken during use at the

site rather than away from the site. The func-

tions of these tools are not well understood.

Vickery (1972) inferred a projectile point

(spear point) function based on the high fre-

quency of impact fractures and the low fre-

quency of cutting/scraping wear he observed.

Mocas & Smith (1996) speculate that this

breakage pattern was consistent with use of

these tools as implements of prying. Microw-

ear analysis of one complete McWhinney
point and two probable McWhinney blade

fragments from the Webster site in Switzer-

land County, Indiana, suggested knife/projec-

tile functions (Melody Pope analysis in White

2001). The breakage, reworking, and discard

patterns of McWhinney points from the Miles

site are unlike those at Webster, however. A
detailed functional analysis of the Mc-
Whinney assemblage from the Miles site

would be helpful in determining what specific

kinds of activities were carried out at the site.

Most core and biface flaking on site was
done with locally available Laurel/Marble Hill

cherts. The large number of broken Mc-
Whinney Heavy Stemmed hafted bifaces sug-

gests that these tools were being used (and

"used up") regularly. Presumably, then, re-

placement tools were being manufactured on

site. Manufacture of these tools would have

produced a large amount of debitage. A sub-

stantial percentage of the debitage at the Miles

site may also be attributable to core reduction

activities. The large number of casual cores

suggests that flakes were also being produced

specifically for use as tools.

In all, the Late Archaic lithic and feature

assemblages suggest an occupation that does

not appear to have been overly specialized.

Given the complexities of site occupation pat-

terns that are possible within a semi-sedentary

hunter-gatherer settlement system (Binford

1980, 1982, 1983, 2001), however, it is im-

portant not to assume that all the debris and

deposits at Miles were the product of a single

"kind"' of occupation. The site may have

functioned in different capacities at different

times within a single settlement system. Site

activities minimally included: stone tool pro-

duction, use, and discard: the production of

flakes for expedient use: burial of individuals;

and the processing of nuts and/or possibly

other plant resources. Animal resources were

presumably processed at the site, although the

extremely poor bone preservation makes this

difficult to demonstrate directly. Neither is it

possible to demonstrate the strict contempo-

raneity or noncontemporaneity of these activ-

ities.

Given the concentration of Late Archaic re-

mains at the Miles site and the apparent scar-

city of Late Archaic remains in much of the

rest of the Bethlehem Bottom (White 1999),

it seems likely that the site was occupied in

order to exploit the surrounding bottoms. A
10 km daily travel radius (either for foraging

trips or daily collecting trips) extends across

the bottoms and into the uplands, both in In-

diana and Kentucky.

THE MILES SITE IN CONTEXT
Current understanding of the temporal and

social dimensions of Late Archaic cultures in

the middle Ohio Valley is, in several impor-

tant respects, relatively limited. Many aspects

of the Middle/Late Archaic phase definitions

that have been offered for this region (i.e.,

French Lick, Old Clarksville, Lone Hill, Ma-
ple Creek) have not been well-defined, and

several relevant models of Late Archaic sub-

sistence and settlement (e.g., Boisvert 1986;

Janzen 1977; Winters 1969) have yet to be

sufficiently tested. The temporal relationships

of the many distinctive hafted biface types

dating to the Middle and Late Archaic periods

(e.g., Matanzas, Merom, Lamoka, Karnak,

McWhinney) are not clear, making it difficult

to precisely place partial assemblages that are

not associated with radiocarbon dates. In ad-

dition, as noted by Munson & Cook (1980),

the Middle and Late Archaic periods share

many artifact types and styles.

Variables of land use and mobility are of

central importance in the study of all hunter-

gatherer systems, and are fundamental consid-

erations in models of Late Archaic settlement

in the Ohio Valley. Many researchers view

Late Archaic Ohio Valley peoples as semi-

sedentary, logistically organized collectors

(see Binford 1980) whose settlement systems

were centered around seasonal moves between

large, semi-permanent "base camp" sites. The
degree of seasonal mobility that is hypothe-

sized, as well as the role of group fission/fu-

sion events in the seasonal cycle, is variable.
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Fission/fusion plays a central role in Granger's

(1988) conception of Falls settlement, for ex-

ample, whereas Boisvert (1986) suggests that

smaller, more mobile groups could have sub-

sisted without a complex, seasonal schedule

of fission/fusion events.

The Miles site, like many other Late Ar-

chaic sites in the region, does not fit neatly

into a simple "base camp/extractive site" di-

chotomy. Based on surface collections, both

Munson (1976) and Mocas & Smith (1996)

described the Miles site as a "base camp."

Following completion of the excavations con-

sidered here. Smith et al. (1999) concluded

that "the limited variety of feature types re-

maining is somewhat inconsistent with inter-

pretation of the site as a 'base camp."' The
cultural deposits documented at the Miles site

are clearly not of the same magnitude as those

at previously documented Middle/Late Archa-

ic "base camp" sites in the Ohio Valley. Sites

such as Black Earth (ll-Sa-87) (Jefferies &
Butler 1982), Clark's Point (I2-Cl-3)(Guern-

sey 1938, 1942), Patriot 2 (GAI 1984), and

Maple Creek (33-Ct-52) (Vickery 1976) con-

tain deep middens and numerous intact fea-

tures. There is a good deal of variability even

among these "base camp" sites, however. At

least some of this variability may be related

to site topography and the use of space over

time (see Boisvert 1986; White 2001).

Given that seasonal mobility and site re-

occupation are key variables in most models

of Late Archaic settlement in the Ohio Valley,

understanding the roles that individual sites

played in these hunter-gatherer systems is of

central importance. Wandsnider (1992) offers

a framework for assessing the "'tempo of lo-

cale use, or the frequency and syncopation

with which a specific area ... is occupied."

Elements of spatial structure at a site may re-

flect the interplay between the interval of site

reoccupation and the use-life and permanence

of the facilities (such as habitation structures

or food processing features) constructed on a

site (Wandsnider 1992). Logic and ethno-

graphic data suggest that decisions about re-

using, rebuilding, or ignoring previously built

facilities during a reoccupation of a site are

generally based on a number of simple

"rules" (Dewar & McBride 1992; Wandsni-

der 1992).

There is little evidence of long-term reuse

of features or specific areas at the Miles site

(i.e., there are few examples of superimposed

features), suggesting a low degree of spatial

congruence between successive occupations

on an intra-site level. Given the plow trunca-

tion of the deposits at the site, however, it is

impossible to directly assess the degree of re-

use of shallow processing features (such as

stone boiling pits) or structural remains that

may have been present. Assuming such fea-

tures were present and were associated with

the McWhinney component of the site, the

large size of the lithic scatter suggests succes-

sive occupations were not highly congruent.

Using Wandsnider's (1992) observations as a

guide, the small number and variety of Late

Archaic features documented at the Miles site,

coupled with the wide areal extent of the ar-

tifact scatter and the lack of evidence for fea-

ture reuse or refurbishment, suggests limited,

repeated, intermittent occupations by small

groups.

Thus it seems most likely that the habitation

deposits at the Miles site were formed b\ re-

peated occupations of the terrace edge without

deliberate reuse of a single, particular loca-

tion. While the terrace edge was the desired

general habitation location, the exact location

may have shifted for each occupation. Such

shifts may have occurred if no specific facil-

ities were present or required, or if previously

inhabited portions of the terrace were not suit-

able for reuse, perhaps for hygienic reasons or

because bulky resources, such as firewood,

had been exhausted (see Wandsnider 1992).

Dewar and McBride (1992) refer to this as a

"localized sequence of moderate congru-

ence." Vickery (1976) hypothesized that sim-

ilar ''floating site" beha\'ior ma\ ha\e been

responsible for the size and configuration of

the deposits at the Maple Creek site.

Clearly. howe\'er. the occupations respon-

sible for the large scatter at the Miles site w ere

of substantial duration or group size and/or

repeated often enough to produce significant

quantities of burned/broken rock and liihic de-

bris. The Mc\\'hinne\ nioriuai\ features and

the large number o( broken and reworked

McWhinnc) points suggest an occupation of

some permanence: the site functioned as more
than a temporar> campsite. The absence of

large storage features is inconsistent w ith use

of the site as a collector "base camp." how-
ever; and the lack of deep midden deposits

indicates thai large quantities of w aste did not
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accumulate, either through primary or second-

ary deposition. The possibility that human re-

mains interred at the site were subsequently

removed for reburial elsewhere also suggests

an intermediate level of site use.

The "later" Late Archaic occupations may
have been less intensive than and functionally

different from the earlier McWhinney occu-

pations. It is possible that both earth ovens are

of similar age and are the remnants of one or

more small occupations such as that docu-

mented upriver at the Houpt site, where Mer-

om cluster hafted bifaces are associated

(Duerksen & Doershuk 1998). Although Mer-

om points have not been reported in great

numbers from the Bethlehem Bottom, it is no-

table that six of the eight listed by White

(1999) were from the vicinity of the Miles

site. Considering the usable size of the Miles

terrace area in comparison to that at Houpt, as

well as the apparent similarity in features and

debris, use of the two sites may have been

similar.

Taken together, the data suggest that re-

peated, intermittent (seasonal?) occupations

by small groups during the late third millen-

nium BC produced the majority of the depos-

its and debris at the Miles site. The scale and

scope of the McWhinney occupation suggests

an intermediate level of site use that does not

fit comfortably in the "base camp/extractive

site" dichotomy. The mortuary features are

distinctive, implying a degree of local group

autonomy that seems inconsistent with models

positing large, complex, centrally organized

and integrated groups. Evaluation and refine-

ment of models of Late Archaic settlement

and subsistence will require data from more
sites like Miles, as well as information from

a variety of other sites positioned across the

landscape.
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FUSICLADIUM LEVIERI, A FUNGAL PARASITE OF
PERSIMMON, FOUND IN INDIANA
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Herbaria, Purdue University, West Lafayette, Indiana 47907 USA
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ABSTRACT. The parasitic microfungus Fusicladium levieri Magnus (anamorphic Ascomycota) was

found for the first time in Indiana on Diospyros virginiana L. (American Persimmon). The species has

been insufficiently described so far. Therefore, disease symptoms and morphological features are described

in detail.

Keywords: Persimmon, Fusicladium levieri, fungus, Indiana

Diospyros virginiana L. (American Persim-

mon; Ebenaceae) is a small- to medium-sized

North American tree native to eastern USA
and distributed from Connecticut to Iowa and

southward from Florida to Texas (e.g.. Brock-

man 1986). In Indiana it grows wild over

much of the southern half of the state, where

it is a scattered species throughout the area

(Deam 1940). Individual plants are occasion-

ally found in northern Indiana (Hayden 2001).

The fruits are edible; and, although native per-

simmons are not widely cultivated commer-
cially, the fruit is prized as a real delicacy,

both fresh, in preserves and in persimmon
dishes such as persimmon pudding. Persim-

mon wood is similar in hardness, weight and

durability to other members of the ebony fam-

ily (Wampler & Wampler 2000). Its property

of becoming and staying very smooth and pol-

ished under continued wear make it prized in

use in shuttles for textile weaving (Hayden

2001). The smoothness, density and resistance

to mechanical shock make its black heartwood

desirable for golf club heads. Persimmon
wood is also used in veneer for furniture

(Hayden 2001).

Farr et al. (1989) list numerous parasitic

fungi on D. virginiana, three of which have

' Current address: Staatliches Museum fur Na-

turkunde, Erbprinzenstr. 13, D-76133 Karlsruhe,

Germany

been found in Indiana. There are two macro-

fungal parasites, Fomitopsis sprague (Berk. &
M.A. Curtis) R.L. Gilbertson & Ryvarden and

Heterobasidium annosum (Fr: Fr) Bref. (Hy-

menomycetes, Basidiomycota), and one para-

sitic microfungus, an unidentified species of

the genus Phyllosticta (anamorphic Ascomy-
cota). Here, we report on a leaf spot fungus,

Fusicladium levieri, which is already known
from three states in the USA (Connecticut,

Florida, Mississippi), but new for Indiana. The
fungus was identified on leaves collected from

a naturally occurring tree.

Fusicladium levieri Magnus
in Sommier & Levier, Trudy St. Petersb.

Bot. Sada 16:543 (1900).

= Ragnhildiana levieri (Magnus) Vassiljevsky

1937.

= Phaeoraniularia levieri (Magnus) U. Braun

1997.

= Fusicladium kaki Hori & Yoshino 1905.

— Fusicladium diospyri Hori & Yoshino, in herb.

USA, Indiana, Vigo County, Terre Haute, Persim-

mon Street, on Diospyrus virginiana L., leg. J.

Lehman, 6/26/2002 (PUL 1680).

Macroscopic features.—Leaf spots (Fig.

1 ) amphigenous, subcircular to angular-irreg-

ular, 1-5 mm diam., at first dark brown to al-

most black, later center paler, medium brown,

dingy brown to grayish-brown, margin indef-

inite or a pale center surrounded by a narrow

132
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Figure 1
.—Leaf spots on Diospyros virginicma

leaves caused by Fiisicladium levieri (herbarium

specimen PUL 1680).

to wide dark border, occasionally with a nar-

row diffuse yellowish halo. Caespituli am-
phigenous, punctiform to subeffuse, dark

brown, not very conspicuous.

Microscopic features.—Mycelium inter-

nal; hyphae sparingly branched, septate, pig-

mented, smooth, 1-3 |jLm wide. Stromata lack-

ing or with only small brown hyphal

aggregations, substomatal to intraepidermal.

Conidiophores (Fig. 2) in small, loose to

dense fascicles, occasionally solitary, arising

from internal hyphae or hyphal aggregations,

erumpent through the cuticle or emerging

through stomata, erect, subcylindrical to ge-

niculate-sinuous, often denticulate, simple,

rarely branched, 1 0-70 X 3-8 iJim, continuous

to 1-3-septate, pale olivaceous, olivaceous-

brown to brown, wall thin to slightly thick-

ened, smooth or almost so; conidiogenous

cells integrated, terminal or conidiophores re-

duced to conidiogenous cells, 10-25 iJim long;

conidiogenous loci conspicuous, often denti-

cle-like, apex truncate, 1.5-3 |JLm wide,

non-pigmented to distinctly pigmented, but

consistently unthickened. Conidia (Fig. 2) cat-

enate, occasionally in branched chains, ellip-

soid-ovoid, subcylindrical, fusiform, usually

straight, ( 12-)15-25(-40) X 3-7 iJim,

0-l(-2)-septate, occasionally constricted at

the septa, subhyaline to pale olivaceous,

smooth or almost so, apex obtuse to truncate,

base obconically truncate, hila 1.5-3 jjim

wide, non-pigmented to pigmented, but un-

thickened.

There is no sexual state known from F. lev-

ieri, but if a teleomorph is formed it might

Figure 2.

—

Fiisicladium levieri. Conidia and co-

nidiophores in fascicles (PUL 1680). Scale bar =

10 |jLm, s = stoma.

belong to Venturia or Acantharia as indicated

for other Fiisicladium species. The species is

not likely to be confused with other parasitic

species of mitosporic fungi on Diospyros in

the USA. There is some similarity between F.

levieri and cercosporoid species, four of

which are known on Diospyros from the USA.
viz., Passalora fuliginosa (Ellis & Kellerm.)

Crous, Alfenas & R.W. Barreto (= Cercos-

pora fuliginosa Ellis & Kellerm.. as "fuligi-

nosa"), Pseudocercospora kaki Goh & W.H.

Hsieh (= Cercospora kaki Ellis & Everh.).

Pseudocercospora macclatchieana (Sacc. &
Syd.) U. Braun & Crous (= Cercospora mac-

clatchieana Sacc. & Syd.) and Stenella dios-

pyri (Thiim.) U. Braun (= Cercospora (//c.s-

pyri Thiim., Sirosporium diospyri (Thiim.)

Deighton) (see Crous & Braun 2003). Spores

of the three native species of cercosporoid h\ -

phomycetes on Diospyros (see Farr et al.

1989), however, have much longer, pluriscp-

tate scolecosporous conidia [ca. 40-75 fj.m on

average; compare Chupp 1953). Furthermore.

the conidiogenous loci in Passalora fuligincKsa

and Stenella diospyri are conspicuous!) thick-

ened and pigmented, and the latter species is

additionally distinguished b\ ha\ ing \errucu-

lose superhcial hyphae with solitar\ conidio-

phores. Besides being formed on /). virgini-

ana, Fiisicladium levieri is also known from

outside the l^SA (China. India, .hipan. Geor-

gia, Romania) on /). kaki L. til. (Date plum.

Japanese persimmon) and on /). Unus L.

(Schubert 2001). There is no record of this

species on D. texaua Scheele (Texas persini-

mon). the second nali\c persininion of the

USA (South Texas). .Altieri et al. (1984) list
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'^Ramiilaria sp." on D. kaki and on D. virgi-

niana in Florida. These records might actually

be F. levieh as well.
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A FLORISTIC INVENTORY AND DESCRIPTION
OF THE STRUCTURE AND COMPOSITION OF
THE PLANT COMMUNITIES OF BOTANY GLEN,

GRANT COUNTY, INDIANA
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Biology, Ball State University, Muncie, Indiana 47306-0440 USA
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Paul E. Rothrock: Randall Environmental Center, Taylor University, Upland, Indiana
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ABSTRACT. Botany Glen, the James S. Wilson Memorial Sanctuary, is an 18 ha (45 acre) forested

tract located in Grant County, Indiana, adjacent to the Mississinewa River. Botany Glen is an important

natural area in east-central Indiana due to its relatively small size and high diversity. A systematic floristic

inventory and permanent monitoring plots were used to describe the structure and composition of the

woody and herbaceous plant communities at the site. This study documents 370 species and varieties of

vascular plants representing 244 genera and 90 families; 160 species are recorded for the first time in

Grant County. Of the 370 species listed, 69 (or 19%) are exotic. Most of these exotics have failed to

penetrate the interior of the forest. Local variadons in site condidons are reflected by changes in woody
plant dominance. The dominant woody overstory species vary from Qiiercus spp. and Carya spp. on drier

topographic positions to Platanus occidentalis and Acer saccharinum on the floodplains. The associated

herbaceous communities also vary considerably along this gradient, with some species confined to spe-

cialized habitats such as seeps, steep slopes and areas subject to the most intense flooding.

Keywords: Grant County, flora, plant community, successional forest, floodplain forest, upland forest

Botany Glen, also known as the James S.

Wilson Memorial Sanctuary, is an 18 ha (45

acre) woodland tract owned and managed by

Indiana Wesleyan University (formerly Mari-

on College) with a reverter to the Nature Con-

servancy. Botany Glen has been included in

the Indiana chapter of the Nature Conservan-

cy's guide to dedicated nature preserves. In-

diana Wesleyan University and Taylor Uni-

versity have made use of Botany Glen for

biological study since IWU took ownership in

1962. Portions of this property have been used

as an outdoor adventure center since a ropes

course was built in 1996. The property is lo-

cated in Grant County, Indiana (Fig. 1 ) in the

township of Fairmount (SE 3 Sec. 1 1 and NE
3 Sec. 14, R8E, T23N, Gas City Quadrangle).

Botany Glen is located in the Central Till

Plain Natural Region (Homoya et al. 1985).

This region is the largest natural region in In-

diana and also one of the best suited for farm-

ing. Of the 107,446 ha that comprise Grant

County, only about 7% is classified as forest

(Smith & Golitz 1988). The original beech-

maple forests of north-central Indiana were

cleared for crops by settlers (Den Uyl 1954).

Today there are only fragments of woodland

in a matrix of cropland (Brothers & Spingarn

1992). Although relatively small. Botany Glen

is a significant natural area in this region.

The uplands and slopes of Botan\ Glen are

dominated by oak-hickory {Quereus and Car-

ya) forest with sugar maple {Acer saccharufji)

beginning to dominate the Lindorstor\ (Lind-

sey et al. 1969). The forest can be furilicr sub-

divided into dry, upland woods on the eastern

ridge top; Mississinewa Ri\er tloodpkun on

the north portion of the propert\ : and wet.

lowland and seeps associated w ith the stieani

and woody old field areas adjacent to existing

fields on the west side.

Floristic in\entones are eonipilations of all

species present in a particular area and are

based on extensive sur\e>s. ln\entories are

valuable because the\ can be used to docu-

ment biodiversit)' o\' a particular area, to up-

date regional floras, and to detect the presence

of in\ asi\e species as well as rare or eridan-
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Figure 1
.—Location of Botany Glen. Map of In-

diana (left) showing the location of Grant County

and the location of Botany Glen relative to Marion,

Indiana (right).

gered species. Floristic inventories help to de-

termine critical species to focus conservation

efforts on, based on local and regional signif-

icance. This study is part of a larger regional

effort to document biodiversity in east-central

Indiana (Rothrock et al. 1993; Rothrock 1997;

Ruch et al. 1998; Ruch et al. 2002).

Although Botany Glen has been used as a

field study area by at least two universities, a

complete flora has never been published. The
only noteworthy investigation was a brief de-

scription by Lindsey et al. (1969), who cited

Botany Glen as an important area for preser-

vation because of its proximity to the univer-

sities and for the potentially high quality of

terrestrial biological study.

Monitoring is a valuable tool for ecological

study and managers of natural areas. Once pre-

liminary information about a community has

been gathered, objectives for monitoring can be

established. Some general purposes of moni-

toring include detection or prediction of change

over time (due to human activities or natural

occurrences), evaluation of community health,

and ability to define normal variation in the

community (U.S. Dept. of the Army 1999).

Monitoring is a direct and accurate way to doc-

ument successional changes (Barbour et al.

1999). Inventories provide additional informa-

tion for consideration when establishing mon-
itoring objectives and procedures. Combining
data from inventories and monitoring allows

subplots

Figure 2.—Location of boundary, prominent

physical features, general habitat types and perma-

nent plots of Botany Glen. The five seeps are shown
as black dots.

inferences to be made about the successional

status of a community.

The objectives of this study are to inventory

the flora of Botany Glen, to describe the struc-

ture and composition of the prominent plant

communities, and to establish permanent
monitoring plots and monitoring procedures.

STUDY SITE DESCRIPTION

James S. Wilson purchased Botany Glen in

the late 1830s as part of a 65 ha (160 acre)

homestead. According to Whitson (1914),

James's son, Frank, expanded the property and

profitably cultivated 62 of 77 ha. In 1962,

James's grandson, George Wilson, donated the

18 ha parcel designated as The James S. Wil-

son Memorial Sanctuary (now known as Bot-

any Glen), to Marion College (now Indiana

Wesleyan University) as a wildlife sanctuary

and as a laboratory for ecological and biolog-

ical study.

Botany Glen is located in south-central

Grant County (Fig. 1). The property is bor-
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dered by the Mississinewa River to the north.

County Road 500 E to the east, US 35

(Wheehng Pike) to the south, and by farmland

to the west (Fig. 2). There are entrance gates

on the east and south sides. Botany Glen is

bisected into east and west halves by an un-

named stream (a Mississinewa River tribu-

tary) that is joined by another intermittent

stream from the west. Just north of the inter-

mittent stream are the foundation and chimney

of a building that burned to the ground in the

1940s. At one time, this building was part of

a Boy Scout camp located at Botany Glen

(Swyers 2001). Neighbors living across CR
500E from Botany Glen confirm the presence

of a Boy Scout camp and also reported several

small fires had swept through the east side of

the property in the early 1960s. Indiana Wes-

leyan University built a high ropes course and

gaming area in April of 1996 on the south-

central portion of the property that was still in

use at the time of this study. The secondary

successional areas on the west side of Botany

Glen were evidently farmed at one time. It is

not clear whether they were cultivated or just

grazed, but old fencing has been found in

those areas.

Botany Glen lies within the Bluffton Till

Plain Section of the Central Till Plain Region.

The retreat of the Wisconsinan ice sheet left a

level plain of till that formed the parent mate-

rial of the soils that cover this section today.

The bedrock that underlies the deep, clay-rich

soil of this section is composed of limestone

and siltstone that dates to the Silurian period

(Homoya et al. 1985; Hedge 1997; Jensen

1988).

The topography of Botany Glen has been

most affected by the river and the streams that

flow into it. Most of the land surrounding Bot-

any Glen shares the same elevation as that of

the uplands. The north-flowing stream lies in

a wide, relatively deep valley (> 15 m in plac-

es) whose sides are very steep and eroded in

places. This central valley bisects a bluff ad-

jacent to the Mississinewa River and the lower

portion is often impacted by river flooding.

Erosion by runoff has formed several smaller

ravines on the east and west sides of the prop-

erty. This variation in topography produces

microhabitats that support a higher number of

species than would be expected in a homo-
geneous site of similar size.

The predominant soil at Botany Glen is

Glynwood silt loam, which covers the level

hilltops and is only moderately well drained.

Hennepin clay loam and Morley silt loam are

common along the very steeply to strongly

sloping hillsides and drainageways and along

the intermittent stream. Sloan clay loam, v^hich

is very poorly drained, is found throughout the

floodplain and along the length of the stream.

A small swath of Morley clay loam co\ ers the

moderate slopes on the south and east sides of

the upland north of the intermittent stream. The
Mississinewa River banks and parts of the ter-

race are composed of well-drained Landes

sandy loam. There is a small patch of Fox silt

loam at the farthest southwest portion of the

river terrace (Jensen 1988).

METHODS
The floristic inventory was conducted from

September 2001 through October 2002 with

weekly visits to the property for collection.

Effort was made to systematically survey e\ -

ery plant community type at least e\er\ two

weeks. More time was devoted to collection

of plant specimens during periods of prolific

growth and blooming. Collections in the In-

diana Wesleyan University and Ta\lor Uni-

versity Herbaria were reviewed and compared

to specimens collected during this stud\ . The

Grant County list of plants from the Indiana

Natural Heritage Data Center was utilized to

check for new county records. Voucher spec-

imens have been deposited in the Ball State

University Herbarium (BSUH). Nomenclature

follows Gleason & Cronquist ( 1991 ) with the

following exceptions. Swink & Wilhelm

(1994) was used for species in the Cyperaceae

and pteridophyte nomenclature follows the

Flora of North America. Volume 2 (Flora of

North America Editorial Coniniiucc l*-)*-)-^).

The companion to Gleason c^ Cronquist

(Holmgren 1998) was used for contirniation

in some cases.

Permanent monitoring plots were estab-

lished in the dry upland forest, the tloodplam

forest, and the secondar\ successional forest

communities. Plots were placed in areas that

were t\pical for a gi\en coninuinit\ t\pe.

Each plot consists of four circular subplots ar-

ranged linearly with center points 40 m apart.

Overstory stems (with dbh — 5.(^ eim with-

in 15 m of the plot centers were sampled in a

clockwise nianner beginning at north. The

species identit\' of each indi\ idual w as deter-
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mined, and the diameter at breast height (dbh)

measured. The distance between each tree and

the subplot center was measured in meters

with a Hagloff Forester digital distance-mea-

suring device. Stem density per hectare, basal

area (dominance) per hectare, and frequency

of each species were calculated for each com-
munity. Overstory species importance values

(IV) were calculated for each species by di-

viding the sum of the values of the relative

dominance, relative frequency, and the rela-

tive density by three (Barbour et. al. 1999).

The understory was sampled with circular

5 m radius plots that were nested within each

circular subplot. All woody stems (of height

= 1 m and with dbh < 5.0 cm) were identified

and counted. Stem density per hectare and fre-

quency of each species were calculated for

each community. Understory species impor-

tance values (IV) were calculated for each

species by dividing the sum of the values of

relative frequency and the relative density by

two.

Herbaceous species were sampled in the

first weeks of May, June, and August. Herb

species presence was recorded while system-

atically walking through each quarter of the

circular subplots. Herbaceous cover was de-

termined in three 2 X 2 m plots along a tran-

sect in each circular subplot. Transects were

rotated 90° sequentially between subplots to

cover topographic variation within the sub-

plots. Visual estimates were used to determine

cover for herbaceous and woody species (of

height < 1 m) in these plots. The following

modified Daubenmire cover scale was used to

convert the estimated percent cover to a cover

class (CC): CCl = 1-7%, CC2 = 8-25%,
CC3 = 26-50%, CC4 = 51-75%, CC5 = 76-

93%, CC6 = 94-100%. Herbaceous impor-

tance values (IV) were calculated for each

species by dividing the sum of the values of

relative frequency and relative cover by two.

RESULTS

The floristic survey of Botany Glen yielded

370 species and varieties of vascular plants

representing 244 genera in 90 families (Ap-

pendix A). Thirty-one families are represented

by only one species. Of the 370 species re-

ported, 160 are recorded for the first time in

Grant County. Veronica auagallis-aquatica is

listed as threatened by the Indiana Natural

Heritage Program (1996). The six families

having the highest number of species are the

Asteraceae (42), Poaceae (28), Cyperaceae

(20), Brassicaceae (16), Rosaceae (15), and

Lamiaceae (14).

Species previously collected at Botany Glen

but not found during this study were docu-

mented by Stonehouse (2003). Most species

found previously but not in this study are typ-

ical of east-central Indiana forests. One spe-

cies of particular interest, Stenanthium gra-

mineum, was collected in 1936 by Potzger and

Friesner. This species is listed as state endan-

gered on the Indiana Natural Heritage Pro-

gram's list of endangered, threatened, and rare

vascular plant species.

Of the 370 plant species, 69, or 19% of the

total, are exotic. All but nine of these {Alliaria

petiolata, Lonicera maackii, Lysimachia num-
mularia, Phalaris arundinacea, Poa pratensis,

Rorippa nasturtium-aquaticiim, Rosa multiflo-

ra, Rumex crispus, and Urtica dioica) have

failed to penetrate the interior of the forest.

A frequently encountered invasive is Alli-

aria petiolata, which is aggressively repro-

ducing along all streams and edges, especially

in the floodplain and the southeast corner of

the property. Rosa multiflora is found in all

three plots and is spreading along the west

edge; there is also a large patch in the flood-

plain. Several introduced species (Pimis stro-

bus, Pyrus malus, Berberis thunbergii. Yucca

filamentosa, and Zea mays) do not exhibit ef-

fective reproduction.

COMMUNITY DESCRIPTIONS

Mesic forest.—This community type cov-

ers most of the uplands, slopes, and well-

drained lowlands of Botany Glen (Fig. 2).

Dominant tree species are Acer saccharum,

Carya spp., Fagus grandifolia, Fraxinus

americana, Juglans nigra, Qiiercus spp., and

Ulmus spp. The stems are relatively large and

form a closed canopy. The understory is com-
posed primarily of Acer saccharum, Asimina

triloba, Fraxinus spp., Prunus serotina, and

Viburnum spp. Springtime ephemeral herbs

are abundant throughout the mesic forest; the

herb layer remains relatively dense throughout

most of the growing season. Abundant her-

baceous species are Cystopteris protrusa,

Cryptotaenia canadensis, Galium spp.. Gera-

nium maculatum, Polymnia canadensis, Sa-

nicula gregaria, and Viola spp.

A few smaller communities exist within the
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larger mesic forest. There are several small

seeps along the stream and in the middle of

the east hillside (Fig. 2). They are character-

ized by very wet, dark soils with high organic

matter. The soil was saturated in the spring

and remained quite moist for the rest of the

2002 growing season. The seeps are dominat-

ed primarily by Symplocarpus foetidus. Cal-

tha palustris, Cardamine pensylvanica, Car-

damine rhomboidea, and Saururus cernuus

are found almost exclusively in the seeps.

The steepest slopes create a suitable habitat

for several species. Adiantum pedatum, Athyr-

ium thelypterioides, Athyrium pynocarpon,

Hepatica acutiloba. Hydrangea americana,

Polystichum acrostichoides, Stylophorum di-

phyllum, Tradescantia virginiana, Trillium

grandiflorum, and Veratrum woodii are all

confined to the slope communities.

Dry upland forest covers the hilltops on the

east and southeast portions of Botany Glen

(Fig. 2). The overstory here has a very high

proportion of Quercus and Carya species. Oth-

er prominent species include Fraxinus ameri-

cana, Ostrya virginiana, Acer saccharum, and

Juglans nigra. In the understory, Acer sac-

charum, Fraxinus quadrangulata, and Vibur-

num spp. are common. The herbaceous layer

in this plot decreased significantly through the

growing season as the canopy closed and as

water became limited. Some herbaceous spe-

cies typical of the dry upland forest include

Dodecatheon meadia, Actaea alba, Carex pen-

sylvanica, and Prenanthes altissima.

One of the permanent monitoring plots

(Plot 3, Fig. 2) is situated in the dry upland

forest described above. This monitoring plot

is highest of the three in total basal area and

second highest in density of stems. The spe-

cies having the highest importance values in

the overstory are Acer saccharum (16.5%)

and Quercus alba (15.3%), followed by Carya

glabra (9.3%) and Ostrya virginiana (8.1%)

(Table 1). Acer saccharum dominates due to

high density of small stems (all < 3 1 cm dbh)

while Quercus alba is found in a wide range

of larger stems (Fig. 3). There are several

large stems of Quercus velutina, which gives

the species moderately high importance

(6.6%); however, it is completely lacking in

the lower size-classes (Fig. 3). The understory

in Plot 3 is also dominated by Acer saccharum
followed by Fraxinus quadrangulata and Pru-

nus serotina (Table 2).

Spring dominants in the herbaceous layer

were Hydrophyllum macrophyllum. Podophyl-

lum peltatum, and Cardamine concatenata

(Fig. 6). Prenanthes altissima. Podophyllum

peltatum, and Geranium maculatum were dom-
inant during the summer sampling. Late sum-

mer dominants included Smilacina racemosa,

Solidago caesia, and Prenanthes altissima.

Floodplain forest.—The floodplain forest

lies along the Mississinewa River and the

northern extent of the stream (Fig. 2). The

overstory in areas that receive the most flood-

ing consists of a few very large, scattered

stems of Platanus occidentalis. The southern

portion of the floodplain is flooded less fre-

quently. The overstory here is more diverse

and other important species are Aesculus gla-

bra, Celtis occidentalis, Carya spp., Fraxinus

spp., Juglans nigra, and Ulmus americana.

There are multiple large canopy gaps through-

out the floodplain. Very few stems fit into the

understory category. However, in this partially

shaded, moist habitat the herbaceous la\'er

grew very lush. Frequently encountered herbs

in the floodplain include Bidens frondosa. Car-

ex spp., Erythronium albidum, Floerkia pro-

serpinacoides, Impatiens spp., Laportea cana-

densis, Lysimachia spp.. Polygonum spp.,

Urtica dioica, and Viola striata. Other species

of note include Camassia scilloides. Chclone

obliqua. Iris virginica, and Verbesina altenii-

folia, which all grow in dense, isolated patches.

The Mississinewa riverbanks are dominated

by Acer sacchariiuun, Platanus occidentalis.

Populus deltoides, Tilia Americana, and Ul-

mus spp. The soil on the natural le\ ee is high-

er than the surrounding floodplain and is

therefore slightly better drained, allow ing for

a denser overstory and understoi\. The fre-

quent flooding results in a herbaceous la\er

that is unique for Botan\ Glen. Some species

confined to this habitat include Justicia afJier-

icana, Lindernia cluhia. Mlniiilus cilntus.

Phlox paniculata. Folygoiuiiii ccspitosum. Ro-

rippa palustris. R. syh'cstris. Saginaria lati-

folia. and Veronica auagallis-aquatica.

Permanent monitoring Plot 2 is located in

the south portion v<{ the floodplain forest (Fig.

2). The o\erstor> in this plot ranks lowest of

the three permanent plots in stem dcnsit> but

second highest in total basal area due to few

\ery large stems. The doniinant o\ erstory spe-

cies are Platanus occidcfiralis. L'h)n(s ameri-

cana and Aesculus i^lahra (Table 3). PlatafUis
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Size Class (cm)

'»>'n,•er

//>
Figures 3, 4.—3. Dry upland forest. Overstory size-class stem distribution for the dry upland forest of

Botany Glen (Plot 3) for the species with the highest Importance Value. Some species from the same
genus with similar habitat requirements were combined. The remaining species are grouped with "Others."

Other species are shown in Table 1; 4. Seasonal comparison of dominant herbaceous species in the dry

upland forest of Botany Glen (Plot 3). The dominant species are those that have an Importance Value of

5 or higher.
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Table \.—Stand table for dry upland forest of Botany Glen (Plot 3j. DEN (Density) is the number

of stems per hectare. RD (Relative density) is expressed as percent. BA (Basal area) is in meters squared

per hectare. RBA (Relative basal area) is expressed as a percent. ERE (Frequency) refers to the percentage

of subplots in which each species occurs. RERE (Relative frequency) is the frequency of occurrence of

each species relative to all species. IV (Importance value) is the average of RD, RBA. and RFRE. ex-

pressed in percent.

Species DEN RD BA RBA FRE RFRE IV

Acer saccharum 297.1 35.3 2.41 6.55 ]()() 7.5 16.5

Quercus alba 63.7 7.6 12.(J0 32.64 75 5.7 15.3

Carya glabra 74.3 8.8 4.19 11.40 100 7.5 9.3

Ostrya virginiana 123.8 14.7 0.72 1.96 100 7.5 8.1

Quercus velutina 17.7 2.1 4.41 11.99 75 5.7 6.6

Ulmus rubra 60.1 7.1 1.15 3.13 100 7.5 5.9

Carya ovata 42.4 5.0 2.16 5.87 75 5.7 5.5

Juglans nigra 21.2 2.5 2.59 7.04 75 5.7 5.1

Prunus serotina

Fraxinus americana 17.7 2.1 2.04 5.55 75 5.7 4.4

Quercus rubra 21.2 2.5 1.50 4.08 75 5.7 4.1

Aesculus glabra 10.6 1.3 0.92 2.50 75 5.7 3.1

Carya cordiformis 28.3 3.4 0.13 0.35 75 5.7 3.1

Liriodendron tulipifera 14.1 1.7 0.32 0.87 75 5.7 2.7

Fraxinus quadrangula- 3.5 0.4 1.61 4.38 25 1.9
-) T

ta 7.1 0.8 0.03 0.08 50 3.8 1.6

Crataegus mollis 10.6 1.3 0.03 0.08 25 1.9 1.1

Fagus grandifolia 3.5 0.4 0.34 0.92 25 1.9 1.1

Ulmus americana 7.1 0.8 0.16 0.44 25 1.9 1.1

Celtis occidentalis 7.1 0.8 0.02 0.05 25 1.9 0.9

Tilia americana 3.5 0.4 0.02 0.05 25 1.9 0.8

Vitis sp. 3.5 0.4 0.01 0.03 25 1.9 0.8

Carpinus caroliniana 3.5 0.4 0.01 0.03 25 1.9 0.8

Total 841.6 100.0 36.77 100.0 1325 100. 100.0

occidentalis has the highest importance value

(16.1%) due to its large basal area even with

relatively low density. For U. americana (IV

= 12.2%) and A. glabra (IV = 10.7%) the

opposite is true as there are many small trees

between 9-20 cm dbh. Platanus occidentalis

and Juglans nigra have no stems in the lower

size-classes (Fig. 7). Species with higher den-

sities in the lower size-classes are Aesculus

glabra, Carya cordiformis, Celtis occidental-

is, and Ulmus americana (Fig. 5). The sapling

density for the floodplain is the lowest of the

three communities and is dominated by shrubs

{Asimina triloba, Lindera benzoin, and Sam-

bucus canadensis) that will not become com-
ponents of the overstory (Table 2). Laportea

canadensis and Sanicula gregaria were the

two most dominant herbaceous species for all

three sampling periods. Ostnorhiz.a longistylis

was a co-dominant in the spring and summer
but was dormant by the late summer. The
dense summer and late-summer herbaceous

community included Impatiens spp.. Geum
canadense, Cryptotaenia canadensis. Viola

striata, and Asaruni canadense (Fig. 6).

Successional communities.—These areas.

which cover only a small proportion of Botan\

Glen, were disturbed in the past or are regu-

larly disturbed today. The o\ erstorx of the sec-

ondary successional forest along the w est fence

(Fig. 2) has relativeh high densit\ \\ ith nian\

small stems and few large trees dispersed

throughout. It is priniarih dominated b> Acer

saccharufu, Aesculus glcihra. Frci.xinus (.uneri-

cancL JugUms nigra. Prunus scRHina. and ^ 7-

nuis spp. The underslor\ is dense \\ ith saplings

of o\erstor\ trees (mostl\ Acer SLWcharuni) as

well as Asinu'ihi trih^ha. Cornus druiuniondii.

Crataegus spp.. and Sassafrass albidu/n. The

herbaceous la\er closest to the fence is dense

with semi-\\ood\ herbaceous species such as

Rosa inultiflora. Ruhus (h'cidentulis. 7\i\ici^-

dendron radiccuis. and \ ines of \'iris spp. These

semi-\\ood\ herbaceous plants decrease in fre-
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Table 2.—Comparison of understory species counts for each plot in Botany Glen.

Number of stems

Species

Dry Successional

Upland Floodpklin area

85 1 222

1 23

23

3 2 11

Total stems

per species

Acer sacchanim

Ulmus americcma

Fraxinus qucidrangidata

Aesculiis glabra

Fraxinus ainericana

Primus serotina

Lonicera mackii

Carya cordiformis

Ulmus rubra

Crataegus punctata

Cornus drummondii

Viburnum prunifolium

Celtis occidentalis

Ostrya virginiana

Fagus grandifolia

Asimina triloba

Lindera benzoin

Sambucus canadensis

Crataegus mollis

Acer negundo

Cercis canadensis

Eleagnus umbellata

Quercus muhlenbergii

Sassafras albidum

Vitis spp.

Total

10

10

9

8

6

5

1

1

1

1

150 20 307

222

23

11

3

10

9

8

6

5

1

1

1

2

1

1

1

1

1

307

quency toward the interior and the herbaceous

layer becomes more typical of the rest of the

mesic forest. Herbaceous species unique to this

forest type are Asplenium platyneuron, Agri-

monia puhescens, Liparis liliifolicu and

Ophioglossum vulgatum.

The old field on the west side of the prop-

erty (Fig. 2) and east of the driveway and

gaming area are dominated by herbaceous

plants with some woody vegetation beginning

to establish. Many exotic species, including

Achillea millefoliunu Chrysanthemum leucan-

thcmum, and Bromus commutatus, can be

found here. Dominant species found here in-

clude Crataegus spp., Ruhus spp., Sassafras

alhidum, Solidago canadensis, and Toxico-

dendron radleans.

Plot 1 (secondary successional forest) is lo-

cated in a woody old-field on the upland along

the west fence of the property (Fig. 2). In the

overstory, stems with dbh = 55 cm are infre-

quent, with the majority of stems between 5-

20 cm dbh. The total density of stems in this

plot is greater than either of the other two
plots (Tables 1, 3, and 4). Species with the

highest importance values are Fraxinus amer-

icana (17.8%), Prunus serotina (16.7%), and

Acer saccharum (15.6%) (Fig. 7 and Table 5).

Fraxinus americana and Prunus serotina rank

highly due to large basal area, whereas Acer
saccharum has a high density of small stems.

The dense understory (dbh < 5 cm) is domi-

nated by Acer saccharum, followed by Ulmus
americana and Aesculus glabra (Table 2).

The herb layer was relatively dense through-

out the growing season. Sanicula gregaria, As-

arum canadense, and Osmorhiza longistylis

dominated the herbaceous layer during spring

and early summer (Fig. 8). The only change in

late summer was a change in dominance from

Osmorhiza longistylis to Geum canadensis, Po-

lymnia canadensis, and Elymus villosus when
Osmorhiza longistylis was senescing.

DISCUSSION
Botany Glen, although relatively small (18

ha), supports a diverse flora. This study has
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Figures 5, 6.—5. Floodplain forest. Overstory size-class stem distribution tor the tloodplain t'orc^i ot'

Botany Glen (Plot 2) for the species with the highest Importance Value. Some species troni ihc same eciuis

with similar habitat requirements were combined. The remaining species are grouped with Oiheis.' Oihcv

species are shown in Table 3; 6. Seasonal comparison of dominant herbaceous species in the llooLipLun

forest of Botany Glen (Plot 2). The dominant species are those that ha\e an Iniportaiice \ akie ot ."^ or higher.

documented 370 species of vascular plants at

Botany Glen, of which 301 are native. These

figures compare similarly to other natural ar-

eas (Table 5) in east-central Indiana.

The species documented in Botany Glen are

typical of the other inventories with only a

few exceptions. Species found onl\ ai Botany

Glen and not at other documented studies

from the region include ()p/ii()i^l()ssuni vul-

i^iifuni. Hcraclcuin Unnnuni. Triostcuiu pcrfol-

iatujii. TriUiuiJi iirauditioi-uuu SixlopJioruiu di-

phxUiuu. Chcic^nc (^hlicpw. and \'iolci puhiiara
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Table 3.—Stand table for the floodplain forest of Botany Glen (Plot 2). DEN (Density) is the number

of stems per hectare. RD (Relative density) is expressed as percent. BA (Basal area) is in meters squared

per hectare. RBA (Relative basal area) is expressed as a percent. ERE (Frequency) refers to the percentage

of subplots in which each species occurs. RFRE (Relative frequency) is the frequency of occurrence of each

species relative to all species. IV (Importance value) is the average of RD, RBA. and RFRE, expressed in

percent.

Species DEN RD BA RBA ERE RFRE IV

Plantamis occidentalis 38.9 5.9 12.08 36.32 75 6.1 16.1

Ulmus americana 106.1 16.0 4.15 12.48 100 8.2 12.2

Aesculus glabra 134.4 20.2 1.28 3.85 100 8.2 10.7

Juglans nigra 35.4 5.3 5.74 17.26 100 8.2 10.2

Celtis occidentalis 70.7 10.6 2.08 6.25 100 8.2 8.4

Carya cordiformis 46.0 6.9 1.51 4.54 75 6.1 5.9

Fraxinus americana 31.8 4.8 1.87 5.62 75 6.1 5.5

Crataegus punctata 38.9 5.9 0.23 0.69 75 6.1 4.2

Carya ovata 24.8 3.7 0.62 1.86 75 6.1 3.9

Vitis spp. 21.2 3.2 0.09 0.27 75 6.1 3.2

Acer saccharum 21.2 3.2 0.52 1.56 50 4.1 2.9

Carpinus caroliniana 28.3 4.3 0.15 0.45 50 4.1 2.9

Ulmus rubra 17.7 2.7 0.10 0.30 50 4.1 2.3

Acer negundo 14.1 2.1 0.13 0.39 50 4.1 2.2

Quercus alba 3.5 0.5 1.06 3.19 25 2.0 1.9

Liriodendron tulipifera 3.5 0.5 0.96 2.89 25 2.0 1.8

Asimina triloba 14.1 2.1 0.04 0.12 25 2.0 1.4

Fagus grcmdifolia 3.5 0.5 0.45 1.35 25 2.0 1.3

Morus rubra 3.5 0.5 0.18 0.54 25 2.0 1.0

Crataegus mollis 3.5 0.5 0.02 0.06 25 2.0 0.9

Parthenocissus sp. 3.5 0.5 0.01 0.03 25 2.0 0.9

Total 664.6 100.0 33.3 100.0 1225 100.0 100.0

(Rothrock et al. 1993; Rothrock 1997; Ruch
et al. 1998; Ruch et al. 2002). Hydrastis can-

adensis and Veratrum woodii were docu-

mented at Ginn Woods and Wilbur Wright

Fish and Wildlife Area, respectively, but were

found in greater abundance at Botany Glen

(Ruch et al. 2002). The number of pterido-

phytes at Botany Glen is comparable to the

larger Ginn Woods and Wilbur Wright Fish

and Wildlife Area.

Representatives of the Indiana Natural Her-

itage Program have attempted, unsuccessfully,

to relocate Stenanthium gramineum at Botany

Glen. Although S. gramineum has not been

documented at Botany Glen since Potzger and

Friesner collected it in 1936, it is possible that

S. gramineum is still growing here. Stenan-

thium gramineum is typically found in mesic

woods often near wet areas such as the river

and stream floodplains of Botany Glen. In In-

diana, individuals have been found not to

flower in densely shaded areas (Alice Heikens

pers. comm.). In this case it would be difficult

to distinguish from other monocots, such as

Camassia scilloides, growing in the floodplain

forest. Future efforts to relocate this species

are warranted.

Lindsey described the forest of Botany Glen

in 1969 as "... young growth oak-hickory

type . . . with sugar maple entering so vigor-

ously as to show higher density than any two

species of oak, but the same absolute basal area

as white oak alone." Data from the monitoring

plot for the dry upland forest (Plot 3, Table 1)

show that the density of Acer saccharum

(291.1 stems/ha) still far surpasses that for all

three Quercus species combined (92 stems/ha).

However, basal area calculations for this plot

reveal that the basal area of Quercus alba (12

m-/ha) exceeds that for Acer saccharum (2.41

m'/ha). This pattern holds true when densities

are averaged for all three monitoring plots, al-

though there is a smaller difference between

average basal areas (2.81 m-^/ha for Acer sac-

charum and 4.36 m^/ha for Quercus alba). This

suggests that the density of small stems of Acer

saccharum has increased since Lindsey 's as-

sessment of Botany Glen.
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Table 4.—Stand table for the secondary successional forest of Botany Glen (Plot 1 j. DEN fDensityj

is the number of stems per hectare. RD (Relative density) is expressed as percent. BA (Basal areaj is in

meters squared per hectare. RBA (Relative basal area) is expressed as a percent. PRE (Frequency) refers

to the percentage of subplots in which each species occurs. RFRE (Relative frequency; is the frequency

of occurrence of each species relative to all species. IV (Important value) is the average of RD. RBA.
and RFRE, expressed in percent.

Species DEN RD BA RBA PRE RFRE 1\'

Fraxinus americana 198.1 14.0 8.57 29.21 KJO 10.3 17.8

Prunus serotina 237.0 16.8 6.74 22.97 100 10.3 16.7

Acer saccharum 251.1 17.8 5.50 18.74 100 10.3 15.6

Ulmus rubra 261.8 18.6 3.15 10.74 75 7.7 12.3

Juglans nigra 173.3 12.3 2.39 8.15 75 7.7 9.4

Ulmus americana 176.9 12.5 1.38 4.70 100 10.3 9.2

Liriodendron tulipifera 14.1 1.0 0.54 1.84 75 7.7 3.5

Aesculus glabra 42.4 3.0 0.31 1.06 25 2.6 2 2

Pyrus malus 14.1 1.0 0.09 0.27 50 5.1 2.1

Platanus occidentalis 3.5 0.2 0.22 0.75 25 2.6 1.2

Carya ovata 7.1 0.5 0.13 0.44 25 2.6 1.2

Acer negundo 3.5 0.2 0.14 0.46 25 2.6 1.1

Ostrya virginiana 3.5 0.2 0.06 0.20 25 2.6 1.0

Cercis canadensis 3.5 0.2 0.04 0.14 25 2.6 1.0

Celtis occidentalis 3.5 0.2 0.03 0.10 25 2.6 1.0

Crataegus mollis 3.5 0.2 0.02 0.07 25 2.6 1.0

Quercus rubra 3.5 0.2 0.01 0.03 25 2.6 0.9

Quercus alba 3.5 0.2 0.01 0.03 25 2.6 0.9

Sassafras albidum 3.5 0.2 0.01 0.03 25 2.6 0.9

Vitis spp. 3.5 0.2 0.01 0.03 25 2.6 0.9

Total 1410.9 100.0 29.3 100.0 975.0 100.0 100. (J

The presettlement vegetation of the Central

Till Plain has been broadly described as

beech-maple (Hedge 1997). Lindsey (1969)

states that oak-hickory forest is a "subfinal"

successional type and that mature forests in

this region of Indiana are beech-maple. The
composition of the forest of Botany Glen is

undergoing change with the increase of Acer

saccharum. A visual survey of the overstory

confirms the present dominance of Quercus

and Carya species and the growing domi-

nance of Acer saccharum. However, Fagus

grandifolia does not show a co-dominance

with Acer saccharum. The sum of its impor-

tance values for all three plots does not even

approach 3%, and a visual survey reveals a

relatively low density of stems in Botany

Glen. For now. Botany Glen's forests may still

be classified as oak—hickory.

The average density of all three permanent

monitoring plots at Botany Glen is 972.4

stems/ha and the average basal area is 33.1

m-/ha. The average density for the forest com-
munities of Ginn Woods is 421 stems/ha and

average basal area is 37 m-/ha (Badger et al.

1998). The mean density and basal area for

the communities at Wilbur Wright Fish and

Wildlife Area is 1065.7 stems/ha and 26.2 m7
ha (Reidy 2002). The lower densit\ of the

communities of Ginn Woods is suggesli\ e of

the more widespread stems of this old-grow ih

forest. The higher densities and lower basal

areas found overall at Botan\ Glen and \\ ilbiir

Wright Fish and Wildlife Area ai'e indicati\e

of a younger forest w ith man\ smaller stems.

The total basal area for the upland t'orcst i36

m-/lia) and the tloodplain forest i33 nv ha^ are

indicati\'e of mature stands.

The secondary successional forest eontam-

ing Plot 1 is the area most rceentK disturbed

by human acti\ it>. The plant eomnuinit) here

does not tit well into the National \egetaiion

Classification S\ stem's (N\'CS) associations

(Faber-Langendoen 20(,)n. The Ner\ high

number o^ stems of Acer Siicclniruiu \n the

underslor\ suggests that \\ w ill bceonic dom-
inant. Continued closing of the eanop> will

select species that are nioiv shade tolerant.

The west edge will likeh continue to harbor

man\ exotic and pioneer species due to the
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Figures 7, 8.—7. Secondary successional forest. Overstory size-class stem distribution for the secondary

successional forest of Botany Glen (Plot 1) for the species with the highest Importance Value. Some
species from the same genus with similar habitat requirements were combined. The remaining species are

grouped with "Others." Other species are shown in Table 4; 8. Seasonal comparison of dominant her-

baceous layer in secondary successional forest of Botany Glen (Plot 1 ). The dominant species are those

that have Importance Value of 5 or greater.

presence of a cultivated field just beyond the

fence.

Much of the west side of Botany Glen was
most likely under cultivation for some time

prior to 1962. Although most of this area has

filled in with woody species, there is a small

area of old field that remains predominantly

herbaceous. Only a few areas of Botany Glen
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Table 5.—A comparison of some east-central

Indiana natural areas. Area is in hectares. Pterido-

phyte counts include ferns and fern allies. (Roth-

rock et al. 1993; Rothrock 1997; Ruch 1998; Ruch

et al. 2002; Ruch pers. obser.)

Native Pterido-

Area species phytes

Fogwell Forest 11 213 11

Botany Glen 18 301 13

Ginn Woods 61 385 16

Mounds State Park 105 388 7

Wilbur Wright FWA 416 472 15

are regularly disturbed, including the road-

sides and the ropes course area, both of which

are mowed in the summer. Some of the ropes

course area has been covered in wood chips

to discourage plant growth and to prevent ero-

sion.

The vegetation of the floodplain forest (Plot

2) most closely resembles the Platanus occi-

dentalis—Acer saccharinum—Juglans nigra-

Ulmus rubra forest described in the NVCS
(Faber-Langendoen 2001). However, the com-
munity immediately adjacent to the Mississi-

newa River fits better into the Acer sacchar-

inum—Ulmus americana—{Populus deltoides)

forest (Faber-Langendoen 2001). The very

low count of saplings noted in Plot 2 may be

attributable, in part, to the high seedling mor-

tality (> 50%) associated with the poorly-

drained Sloan clay loam soil (Jensen 1988)

and annual flooding. Both Platanus occiden-

talis and Juglans nigra are dominants that

show little replacement in the lower size-clas-

ses (Fig. 5). It would be expected that these

two species would decline relative to those

well represented in the lower size-classes,

such as Carya cordiformis. Celtis occidental-

is, and Aesculus glabra. However, periodic se-

vere floods may provide disturbance that

would allow for reproduction of more flood-

tolerant species.

The community of plants in the dry upland

forest (Plot 3) is best classified as Quereus
velutina—Quercus alba—Carya (glabra, ovata)

forest (Faber-Langendoen 2001). Fire sup-

pression in this community explains the ag-

gressive spread of Acer saccharuni in the

smaller size-classes. With continued fire sup-

pression, A. saccharum will alter the Quer-

cus—Carya association that relies on fire to

control competing species. With lime and

mortality of maturing Quercus and Carya spe-

cies, the Quercus-Carya association may be

dominated by shade-tolerant species. The in-

creasingly closed canopy associated with fire

suppression will also affect the associated her-

baceous community of the oak-hickor} fc^rest

(Barbour 1999; Gurevitch 2002).

Attention should be given to several con-

cerns for the future management of B(nany

Glen. There has been no known attempt to

control exotic species. AUiaria petioUitci has

the potential to become a problem, especially

on the southeast edge, as does Rosa luultiflora

on the west edge. Dumping of garbage from

CR 500E has been significant; however, it is

not as significant as the disposal of clippinLis.

leaves, and other organic matter by neighbors

living across the road to the east. Sections of

the slopes adjacent to CR 500E are buried un-

der 0.7 m of this material and herbaceous

plants have ceased to grow in some of these

areas. In addition, several cultivated species

were collected from the east uplands that u ere

presumably thrown into the woods or rtnid-

sides from gardens. Measures as simple as re-

pairs to the east fence and posting of signs

may prevent further dumping. Consideration

should be given to prescribed fire manage-

ment of the oak-hickory upland ftMCst to re-

duce invasion of shade-tolerant species and to

help maintain biodiversity.
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APPENDIX A
Catalog o'i N'ascular Plants of Botan\ Glen
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Information following each species in-

cludes: = nalurali/ed i exotic K non-nati\e

plants; + = countx record according to a list
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from the Indiana Natural Heritage Data Cen-

ter.

Frequency of occurrence: rare = very few

individuals or fewer than two colonies; infre-

quent = not widespread, may be in large num-
bers at one location; frequent = common
throughout suitable habitat; abundant = in

large numbers throughout the property.

The typical habitat and Ball State Univer-

sity Herbarium (BSUH) number are listed fol-

lowing estimate of frequency. Status of certain

species in brackets is taken from a list com-
piled by the Indiana Division of Nature Pre-

serves (10 April 1996).

PHYLUM EQUISETOPHYTA
(Scouring Rushes)

Equisetaceae (Horsetail Family)

Equisetum arvense L.: Common Horsetail;

infrequent; eastside of floodplain in shade;

BSUH 12100.

Equisetum hymale L.: Common Scouring

Rush; frequent; along stream; BSUH 12101.

PHYLUM POLYPODIOPHYTA
(Ferns)

Pteridaceae (Maidenhair Fern Family)

Adiantum pedatum L.: Northern Maidenhair

Fern; rare; on slope above intermittent stream;

BSUH 12102.

Aspleniaceae (Spleenwort Family)

Asplenium platyneuron L. Oakes: ( + ); Eb-

ony Spleenwort; frequent; secondary succe-

sional woods, river floodplain; BSUH 12103.

Dryopteridaceae (Wood Fern Family)

Cystopteris protrusa (Weatherby) Blasdell:

( + ); Lowland Bladder-Fern; abundant; mesic

woods; BSUH 12104.

Deparia acrostichoides (Swartz) M. Kato:

( + ); Silvery Glade Fern; rare; shallow ravine

north of chimney; BSUH 12105.

Diplazium pycnocarpon (Sprengel) M.
Broun: ( + ); Narrow Leaved Glade Fern or

Glade Fern; rare; shallow ravine north of

chimney; BSUH 12106.

Onoclea sensibilis L.: Sensitive Fern; rare;

seep below high ropes; BSUH 12107.

Polystichum acrostichoides (Michx.)

Schott: Christmas Fern; rare; eastern dry hill-

side by culvert; BSUH 12108

Ophioglossaceae

(Adder's Tongue Fern Family)

Botrychium dissectum var. dissectum

Spreng.: ( + ); Lace-Frond Grape-Fern; rare;

along west fence closer to river; BSUH
12109.

Botrychium dissectum var. obliquum
(Muhl.) Clute: ( + ); Lace-Frond Grape-Fern;

frequent; mesic woods; BSUH 12110.

Botrychium virginianum (L.) Swartz: Rat-

tlesnake Fern; frequent; mesic woods; BSUH
12111.

Ophioglossum vulgatum L.: ( + ); Adder's

Tongue Fern; rare; near west fence in second-

ary successional woods; BSUH 12112.

PHYLUM PINOPHYTA
(Gymnosperms)

Cupressaceae (Cypress Family)

Juniperus virginiana L.: Eastern Red Ce-

dar; rare; edge of woods facing south along

Wheeling Pike; BSUH 12113.

Pinaceae (Pine Family)

Pinus strobus L.: {^, +); Northern White

Pine; rare; planted through westside of prop-

erty; BSUH 12114.

PHYLUM MAGNOLIOPHYTA
(Angiosperms)

Acanthaceae (Acanthus Family)

Justicia americana (L.) Vahl.: ( + ); Ameri-

can Waterwillow; frequent; along river;

BSUH 12115.

RueIlia strepens L.: Smooth Ruellia; infre-

quent; along CR 500E; BSUH 12116.

Aceraceae (Maple Family)

Acer negundo L.: ( + ); Box Elder; frequent;

in floodplain and along stream; BSUH 12117.

Acer nigrum Michx. f.: Black Maple; fre-

quent; along stream and riverbanks; BSUH
12118.

Acer saccharinum L.: Silver Maple; infre-

quent; along river; BSUH 12119.

Acer saccharum Marshall: Sugar Maple;

abundant; mesic woods; BSUH 12120.

Agavaceae (Agave Family)

Yucca filamentosa L.: (^, +); Adam's Nee-

dle or Spanish Bayonet; rare; one plant on

shoulder of east hillside very close to CR
500E, probably planted; BSUH 12121.



STONEHOUSE ET AL.—FLORA OF BOTANY GLEN 149

Alismataceae (Water Plantain Family)

Alisma subcordatum RaL: ( + ); Southern

Water Plantain; rare; along stream by river in

sandy soil; BSUH 12122.

Sagittaria latifolia Willd.: ( + ); Common
Arrow-Head; infrequent; along river east of

stream mouth; BSUH 12123.

Amaranthaceae (Amaranth Family)

Amaranthus hybridus L.: (^0; Smooth Pig-

weed; infrequent; along river; BSUH 12124.

Anacardiaceae (Cashew Family)

Rhus glabra L.: Smooth Sumac; infrequent;

along CR 500E; BSUH 12125.

Toxicodendron radicans (L.) Kuntz var. ne-

gundo (Greene) Reveal (+): Poison Ivy; fre-

quent; in secondary successional areas; BSUH
12126.

Annonaceae (Custard Apple Family)

Asimina triloba (L.) Dunal: Pawpaw; fre-

quent; in mesic woods; BSUH 12127.

Apiaceae (Carrot Family)

Angelica atropurpurea L.: Purplestem An-
gelica; infrequent; loodplain; BSUH 12128.

Chaerophyllum procumbens (L.) Crantz:

Spreading Chervil; frequent; mesic woods;

BSUH 12129.

Cicuta maculata L.: Common Water Hem-
lock; infrequent; floodplain; BSUH 12130.

Cryptotaenia canadensis (L.) DC: Hone-

wort; abundant; mesic woods; BSUH 12131.

Daucus carota L.: (^); Wild CaiTot; infre-

quent; along roads and in gaming area; BSUH
12132.

Erigenia bulbosa (Michx.) Nutt.: Harbinger

of Spring; frequent; mesic woods and hill-

sides; BSUH 12133.

Heracleum lanatum Michx.: ( + ); Cow
Parsnip; rare; on bank above river; BSUH
12134.

Osmorhiza longistylis (Torn) DC: Long
Styled Sweet Cicely or Aniseroot; abundant;

mesic woods; BSUH 12134.

Sanicula gregaria E. Bickn.: Cluster Sani-

cle; abundant; mesic woods; BSUH 12135.

Sanicula trifoliata E. Bickn.: ( + ); Beaked

Sanicle; infrequent; mesic woods; BSUH
12136.

Taenidia integerrinia (L.) Drude: Yellow

Pimpernel; infrequent; dry hillsides; BSL^H
12137.

Thaspium trifoliatum (L.j A. Gra\ : SmcKJih

Meadow Parsnip; infrequent: along CR 5()()E

and on dry hilltop; BSUH 12138.

Apocynaceae (Dogbane Family)

Apocynum cannabinum L.: Hemp Dogbane:

infrequent; old-field and along CR 500E:

BSUH 12139.

Vinca minor L.: ( , +j; Periu inkle: rare:

along CR 5()()E; BSUH 12140.

Araceae (Arum Family)

Arisaema triphyllum var. triplixUuiii (L.)

Schott: Jack-in-the-Pulpit; frequent: through-

out mesic woods; BSUH 12141.

Symplocarpus foetidus (L.) Null.: (-):

Skunk Cabbage; frequent; seeps and Hood-

plain; BSUH 12142.

Aristolochiaceae (Birthwort Famil> )

Asarum canadense L.: Wild Ginger: abun-

dant; mesic woods; BSUH 12143.

Asclepiadaceae (Milkweed Famih

)

Asclepias syriaca L.: Common Milkweed:

rare; along CR 500E: BSUH 12144.

Asteraceae (Aster Famil> )

Achillea millefolium L.: (--. +): Common
Yarrow; infrequent: old-field; BSUH 12145.

Ambrosia artemisiifolia L. (
— ): Common

Ragweed; frequent; along stream and roads:

BSUH 12146.

Ambrosia trifida L.: Giant Ragweed: infre-

quent; along Wheeling Pike: BSUH 1214^.

Aster cordifolius L. ( + ): Common Blue

Heart-Leaved Aster: frequent: mesic woods:

BSUH 12148.

Aster lanceolatus \ ar. simplex (Willd.) .A.G.

Jones ( + ): Eastern Lined Aster: intVccjucnt:

along stream and ri\er: BSl'H 1214'-).

Aster laterifiorus (L.) Britton (
- ): Goblet

Aster: frequent: mesic woods: BSl'H 1215(1

Aster novcu'-cinglicie L.: (
— ): New England

Aster: rare: along Wheeling Pike: BSl'H
12151.

Aster pu?iiceus L.: BrislK .Aster: intVcqucnt:

along stream and ri\er: BSl'H 12152.

Aster shonii Lindle\ : Midwestern Blue

Heart-Lea\ed .Aster: tVequcnt; nicsie woods:

BSUH 12153.

Bideiis eeniiui L.: Bur Marigold: infre-

quent: along stream and ri\er: BSl'H 12154.

Bidens fnvhhwa L.: (
— ): De\ il's Beggar

Ticks: frequent: tloodplain: BSl'H 12155.
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Bideus vulgata Greene: Tall Beggar Ticks;

infrequent; floodplain; BSUH 1 2156.

Chryscinthenuim leucanthemum L.: {^^)\ Ox-

Eye Daisy; infrequent; old-field; BSUH
12157.

Cichoriiim intybus L.: (^', +); Chicory; in-

frequent; along Wheeling Pike; BSUH 12 158.

Cirsiiim arvense (L.) Scop, van arvense:

(*); Canada Thistle; infrequent; along Wheel-

ing Pike; BSUH 12159.

Cirsium discolor (Muhl.) Sprengel: ( + );

Field Thistle; rare; along Wheeling Pike;

BSUH 12160.

Conyza canadensis (L.) Cronq.: ( + ); Horse-

weed; infrequent; along Wheeling Pike;

BSUH 12161.

Eclipta prostrata (L) L.: (^)\ Yerba-de-

Tajo; rare; along river; BSUH 12162.

Erigeron anniius (L.) Pers.: Annual Flea-

bane; infrequent; open areas and edges of

woods; BSUH 12163.

Erigeron philadelphicus L.: Philadelphia

Daisy; infrequent; near seeps and stream;

BSUH 12164.

Eupatorium purpureum L.: Purple-Node

Joe Pye Weed; infrequent; hillsides; BSUH
12165.

Eupatorium rugosum Houttuyn: White
Snakeroot; frequent; mesic woods; BSUH
12166.

Euthamia graminifolia (L.) Nutt.i ( + );

Common Flat-Topped Goldenrod; rare; old-

field; BSUH 12462.

Galinsoga quadriradiata Ruiz & Pavon: (*,

+ ); Common Quickweed; infrequent; along

CR 5()0E; BSUH 12167.

Helenium autumnale L.: Sneezeweed; rare;

along stream near river; BSUH 12168.

Helianthus decapetalous L.: ( + ); Forest

Sunflower; frequent; mesic woods; BSUH
12169.

Lactuca canadensis L.: Tall Lettuce; infre-

quent; edge of gaming area; BSUH 12170.

Lactuca floridana (L.) Gaertner: ( + ); Com-
mon Woodland Lettuce; infrequent; along

Wheeling Pike; BSUH 12171.

Matricaria matricarioides (Less.) Porter:

(' ); Pineapple Weed; rare; along Wheeling

Pike and CR 500E; BSUH 12172.

Polymnia canadensis L.: Pale-Flowered

Leaf Cup; abundant; mesic woods; BSUH
12173.

Prenanthes altissima L.: ( + ); Tall White

Lettuce; frequent; mesic woods; BSUH
12174.

Rudheckia laciniata L.: Cutleaf Coneflow-

er; frequent; floodplain; BSUH 12175.

Senecio aureus L.: Heart-Leaved Ground-

sel; infrequent; dry hilltops; BSUH 12176.

Senecio glabellus Poir.: ( + ); Yellowtop;

rare; 1 individual on floodplain west of

stream; BSUH 12177.

Solidago caesia L.: ( + ); Blue-Stemmed
Goldenrod; frequent; mesic woods; BSUH
12178.

Solidago canadensis (L.) var. canadensis:

( + ); Common Goldenrod; frequent; old-field;

BSUH 12179.

Solidago flexicaulis L.: ( + ); Zigzag Gold-

enrod; frequent; mesic woods; BSUH 12180.

Sonchus asper (L.) Hill: {^, +); Prickly

Sow Thistle; rare; along Wheeling Pike;

BSUH 12181.

Sonchus oleraceus L.: (^>, +); Common
Sow Thistle; rare; along CR 500E; BSUH
12182.

Taraxacum officinale Weber: (^>, +); Com-
mon Dandelion; infrequent; along driveway

and roads; BSUH 12183.

Verbesina alternifolia (L.) Britton: ( + );

Wingstem; frequent; along stream; BSUH
12184.

Vernonia gigantea (Walter) Trek: Tall Iron-

weed; infrequent; along Wheeling Pike and

stream; BSUH 12185.

Xanthium strumarium L.: (^, +); Common
Cocklebur; rare; along stream near river;

BSUH I2I86.

Balsaminaceae (Touch-Me-Not Family)

Impatiens capensis Meerb.: Orange Touch-

Me-Not or Jewelweed; frequent; in floodplain

and along streams; BSUH 12187.

Impatiens pallida Nutt.: ( + ); Yellow
Touch-Me-Not or Jewelweed; frequent; in

floodplain and along streams; BSUH 12188.

Berberidaceae (Barberry Family)

Berberis thunbergii DC: (^>, +); Japanese

Barberry; rare; dry hillside very close to east

fence; BSUH 12189.

Caulophyllum thalictroides (L.) Michx.:

Blue Cohosh; frequent; scattered through me-

sic woods; BSUH 12190.

Jejfersonia diphylla (L.) Pers.: ( + ); Twin-

leaf; frequent; mesic woods; BSUH 12191.
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Podophyllum peltatum L.: May Apple;

abundant; mesic woods; BSUH 12192.

Betulaceae (Birch Family)

Carpinus caroliniana Walter: Hornbeam,
Blue Beech, or Ironwood; frequent; along

streams; BSUH 12193.

Corylus americana Walter: American Ha-

zelnut; rare; along CR 500E at SE corner of

property; BSUH 12194.

Ostrya virginiana (Miller) K. Koch: Hop-
Hornbeam or Ironwood; frequent; eastern dry

hilltop; BSUH 12195.

Boraginaceae (Borage Family)

Hackelia virginiana (L.) M. Johnston:

Stickseed; infrequent; along Wheeling Pike

and on dry hilltops; BSUH 12196.

Mertensia virginica (L.) Pers.: ( + ); Eastern

Blue Bells; frequent; mesic woods; BSUH
12197.

Brassicaceae (Mustard Family)

Alliaria petiolata (Bieb.) Cavara & Grande:

(^, +); Garlic Mustard; frequent; edges of

woods and along streams; BSUH 12198.

Arabis laevigata (Muhl.) Poiret: Rock
Cress; rare; steep slopes along stream; BSUH
12199.

Arabis shortii (Fern.) Gleason: ( + ); Short's

Rock Cress; rare; along the intermittent

stream in woods; BSUH 12470.

Barbarea vulgaris R. Brown: (a, +); Yel-

low Rocket; infrequent; old-field; BSUH
12200.

Brassica nigra L.: (^, +); Black Mustard;

rare; along river; BSUH 12201.

Capsella bursa-pastoris (L.) Medikus: ( >);

Shepherd's Purse; rare; along CR 500E and

Wheeling Pike; BSUH 12202.

Cardamine concatenata (Michx.) O.

Schwartz: Five-Parted Toothwort; frequent;

mesic woods; BSUH 12203.

Cardamine douglassii Britton: ( + ); Pink

Spring Cress; frequent; mesic woods; BSUH
12204.

Cardamine pensylvanica Muhl.: Pennsyl-

vania Bittercress; rare; seep below chimney;

BSUH 12205.

Cardamine rhomboidea (Pers.) DC: Spring

Cress; infrequent; in seeps and along streams:

BSUH 12206.

Draba verna L.: ( + ); Whitlow Grass; infre-

quent; driveway along Wheeling Pike; BSUH
12207.

lodanthus pinnatifidus (Michx. j Steudel:

Purple Rocket; rare; floodplain; BSUH 12208.

Lepidium campestre (L.) R. Br.: ( .
-

y.

Field Cress; rare; along roads; BSUH 12209.

Lepidium virginicum L.: Poor-Man's Pep-

per; infrequent; along Wheeling Pike: BSUH
12210.

Rorippa nasturtium-aqualicum (Lj Ha\ek.:

('7, -h); Watercress; infrequent: along streams:

BSUH 12211.

Rorippa palustris (L.) Besscr x'dv. jenuddi-

ana (Butters & Abbe) Sluckey: Common Yel-

low Cress; infrequent; along river; BSUH
12212.

Rorippa sylvestris (L.) Besser: ( .
~ )\

Creeping Yellow Cress; infrequent; along riv-

er; BSUH 12213.

Caesalpiniaceae (Caesalpinia Famih )

Cercis canadensis L.: Red Bud: frequent:

mesic woods; BSUH 12214.

Gleditsia triacanthos L.: ( + ); Hone\ Lo-

cust; infrequent; edges of woods and second-

ary successional areas; BSUH 12215.

Gymnocladus dioica (L.) K. Koch: (-):

Kentucky Coffeetree; rare; north slope of east

hillside; BSUH 12216.

Campanulaceae (Bellflouer Famil\ )

Campanula americana L.: Tall Bellflower:

infrequent; along stream; BSUH 12217.

Lobelia infiata L.: ( + ): Indian Tobacco:

rare; gaming area at woods" edge: BSIH
12218.

Lobelia siphilitica L.: Great l^ihclia: infre-

quent; along stream: BSUH 12219.

Caprifoliaceae (Hone\ suckle FaniiK )

Lonicera mauckii (Rupr.) Mavini: ( .
- ):

Amur Honeysuckle: frequent: woolIs" edges;

BSUH 12220.

Sambucus ccniculcnsis L.: Common Folder-

berry; infrequent: tloodplain: BSUH 1222 1.

Triosteum perfolintun! L.: PertV^liaie lioisc

Gentian: infrequent: south of okl-ficld: BSUH

\'ihnrnuni ciccriUiliiin} 1..: Ooekniaekic or

Flowering Maple: infrcqueni: woods cast of

high ropes: BSl^H 12223.

\'ihnrnuni i^puhis \ ar. iipulus L.: t\ ^);

Guelder Rose: rare; along west fence near riv-

er: BSUH 12224.

\'ihuniuni prunifolium L.: Black Haw; tre-

quent; mesic woods; BSUH 12225.
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Caryophyllaceae (Pink Family)

Arenaria serpyllifolia L.: (^-y, +); Thyme-
Leaved Sandwort; rare; along CR 500E;

BSUH 12226.

Cerastium ari'ense L.: Field Chickweed;

frequent; east hillside between path and CR
300E; BSUH 12471.

Cerastium brachypetalum Pers.: ( + );

Mouse-Ear Chickweed; infrequent; along

driveway; BSUH 12227.

Silene stellata (L.) Alton f.: ( + ); Starry

Campion; infrequent; dry hilltops; BSUH
12228.

Silene virginica L.: Fire Pink; infrequent;

woods just north of south gate; BSUH 12229.

Celastraceae (Staff-Tree Family)

Euonymus atropurpureus Jacq.: Wahoo;
rare; E side of property by bridge over River;

BSUH 12230.

Euonymus obovatus Nutt.: Running Straw-

berry Bush; frequent; mesic woods; BSUH
12231.

Clusiaceae (Mangosteen Family)

Hypericum punctatum Lam.: Spotted St.

John's Wort; infrequent; old field; BSUH
12232.

Commelinaceae (Spiderwort Family)

Commelina communis L.: (^, +); Common
Dayflower; rare; along CR 500E above cul-

vert; BSUH 12233.

Tradescantia subaspera Ker Gawler: Spi-

derwort; abundant; moist woods; BSUH
12234.

Tradescantia virginiana L.: Virginia Spi-

derwort or Widow's Tears; frequent; east hill-

top; BSUH 12235.

Cornaceae (Dogwood Family)

Cornus alternifolia L. f.: Pagoda Dogwood;
rare; south of intermittent stream by seep;

BSUH 12236.

Cornus drummondii C.A. Meyer: ( + );

Rough-Leaved Dogwood; infrequent; along

CR 500E and in the old field; BSUH 12237.

Cornus florida L.: ( + ); Flowering Dog-
wood; rare; east hilltop south near ravine that

enters from east; BSUH 12238.

Crassulaceae (Stonecrop Family)

Sedum ternatum Michx.: Stonecrop; infre-

quent; on shoulder of east hillside; BSUH
12239.

Cucurbitaceae (Gourd Family)

Echinocystis lobata (Michx.) T. & G.: (+);

Wild Cucumber; rare; along river and stream;

BSUH 12240.

Cuscutaceae (Dodder Family)

Cuscuta gronovii Willd.: ( + ); Common
Dodder; frequent; floodplain and along river;

BSUH 12241.

Cyperaceae (Sedge Family)

Carex albursina Sheldon: Sedge; frequent;

dry hillsides; BSUH 12242.

Carex blanda Dewey: Sedge; infrequent;

along drainage near culvert east of stream;

BSUH 12243.

Carex careyana Torr.: ( + ); Sedge; frequent;

mesic woods; BSUH 12244.

Carex communis Bailey: Sedge; infrequent;

north end of east hillside; BSUH 12245.

Carex davisii Schwein & Torr.: Sedge; in-

frequent; woods east of the south gate; BSUH
12246.

Carex frankii Kunth.: Sedge; infrequent;

floodplain along trail east of stream; BSUH
12247.

Carex grayi Carey: Sedge; infrequent;

floodplain and wet soil; BSUH 12248.

Carex grisea Wahlenb.: ( + ); (C. amphibola

Steudel); Sedge; infrequent; along drainage

near culvert east of stream; BSUH 12249.

Carex hirtifolia Mackenzie: Sedge; infre-

quent; east bank of stream near south portion

of property; BSUH 12250.

Carex jamesii Schwein: Sedge; frequent;

mesic woods; BSUH 12251.

Carex laevivaginata (Kuk.) Mackenzie:

( + ); Sedge; infrequent; floodplain west of

stream, very wet; BSUH 12252.

Carex laxiculmis Schwein: Sedge; infre-

quent; top of north facing slope on SE side of

property; BSUH 12253.

Carex laxiflora Lam.: Sedge; infrequent;

shoulder of west hillside; BSUH 12254.

Carex oligocarpa Schk.: ( + ); Sedge; infre-

quent; east ridge along old trail; BSUH 12255.

Carex pensylvanica Lam.: ( + ); Sedge; in-

frequent; east hilltop, dry woods; BSUH
12256.

Carex shortiana Dewey: Sedge; rare; flood-

plain east of stream; BSUH 12257.

Carex sparganioides Muhl.: Sedge; rare;

woods east of old field on slope shoulder;

BSUH 12258.
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Carex woodii Dewey: ( + ); Sedge; infre-

quent; top of north facing slope on SE side of

property; BSUH 12259.

Cyperus strigosus L.: ( + ); False Nutsedge;

rare; along river near bridge; BSUH 12260.

Eleocharis palustris L.: ( + ); Spike Rush;

infrequent; springy area along river west of

stream mouth; BSUH 12261.

Dipsacaceae (Teasel Family)

Dipsacus sylvestris Hudson: (^); Common
Teasel; rare; along Wheeling Pike; BSUH
12262.

Elaeagnaceae (Oleaster Family)

Elaeagnus umbellata Thunb.: (^^ +); Au-

tumn Olive; infrequent; old field areas; BSUH
12263.

Euphorbiaceae (Spurge Family)

Acalypha rhomboidea Raf.: Rhombic Cop-

perleaf; frequent; along Wheeling Pike and

CR 500E; BSUH 12264.

Euphorbia maculata L.: ( + ); Milk Purs-

lane; frequent; dry open disturbed areas;

BSUH 12265.

Euphorbia nutans Lagasca: (^, +); Eye-

bane; infrequent; near bridge along CR 500E;

BSUH 12265.

Fabaceae (Pea Family)

Desmodium paniculatum (L.) DC: ( + );

Panicled Tick-Trefoil; rare; along CR 500E by

east gate; BSUH 12266.

Medicago lupulina L. :(^); Black Medick;

infrequent; along Wheeling Pike; BSUH
12267.

Melilotus officinalis (L.) Pallas: (^); Yellow

Sweet Clover; rare; along Wheeling Pike;

BSUH 12268.

Robinia pseudoacacia L.; (^>, +); Black Lo-

cust; infrequent; SE corner along Wheeling

Pike; BSUH 12269.

Trifolium hybridum L.: (^>, +); Alsike Clo-

ver; infrequent; driveway and gaming area;

BSUH 12270.

Trifolium pratense L.: (^v, +); Red Clover;

infrequent; along Wheeling Pike; BSUH
12271.

Trifolium repens L.: (t^, +); White Cloxer;

infrequent; driveway; BSUH 12272.

Fagaceae (Beech Family)

Fagus grandifolia Ehrh.: American Beech;

frequent; mesic woods; BSUH 12273.

Quercus alba L.: While Oak: abundant: me-

sic woods; BSUH 12274.

Quercus imbricaria Michx.: ( — j: Shingle

Oak; rare; old field; BSUH 12275.

Quercus macrocarpa Michx.: Bur Oak: in-

frequent; along river; BSUH 12276.

Quercus muehlenbergii Engelm.: i — )\ Yel-

low Oak; infrequent; along stream: BSUH
12277.

Quercus rubra L.: Northern Red Oak: fre-

quent; mesic woods; BSUH 12278.

Quercus velutina Lam.: i^y. Black Oak:

frequent; dry hilltops; BSUH 12279.

Fumariaceae (Fumitory FamiK )

Dicentra canadensis (Goldie) Walp.: ( — ):

Squirrel Corn; frequent; mesic woods: BSUH
12280.

Dicentra cucullaria (L.) Bernh.: ( — ):

Dutchman's Breeches; abundant: mesic

woods; BSUH 12281.

Geraniaceae (Geranium Famil> )

Geranium maculatum L.: Wild Geranium:

abundant; mesic woods: BSUH 12282.

Grossulariaceae (Gooseberry Famih )

Ribes cynosbati L.: Dogberry: infrequent:

hilltop south of intermittent stream: BSL'H
12283.

Hippocastanaceae (Horse-Chestnut FamiK)

Aesculus glabra Willd.: Ohio Bucke\e:

abundant; mesic woods: BSL^H 12284.

Hydrangeaceae (H}drangea Famih )

Hydrangea arborescens L.: (
— ): .American

Hydrangea; infrequent: steep slopes east of

stream and along ri\er: BSUH 12285.

Hydroph) llaceae (Walcrlcaf Faniilx )

Hydrophylhuu appendicularuni Michx.: Bi-

ennial Waterleaf; frequent: niesic woods:

BSUH 12286.

Hydrophyllum canadcnsc L.: (-): Maple-

Leaved Waterleaf: infrequent: along inicrniu-

tent stream: BSUH 12287.

Hydrophyllum nuurophylluni Null.: Hair\

Waterleaf: frequent; nu-sic woods: BSl'H
12288.

Iridaceae (Iris Famih "i

//7,v virgifiicci \ ar. shrcwi (Snialh E. .An-

derson: ( + ): Southern Blue Flag: infrequent:

fioodplain west of stream: BSIH 12289.
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Sisyhiichiiim angiistifoUum Miller: Blue-

Eyed Grass; rare; along stream south of flood-

plain; BSUH 12290.

Juglandaceae (Walnut Family)

Cciryci cordifonnis (Wangenh.) K. Koch:

Bitternut Hickory; frequent; mesic woods;

BSUH 12291.

Carya glabra (Miller) Sweet: ( + ); Pignut

Hickory; frequent; eastern dry hilltop; BSUH
12292.

Carya ovata (Miller) K. Koch: Shagbark

Hickory; frequent; mesic woods; BSUH
12293.

Juglans nigra L.: Black Walnut; frequent;

mesic woods; BSUH 12294.

Juncaceae (Rush Family)

Juncus tenuis van tenuis Willd.: Path Rush;

infrequent; driveway; BSUH 12295.

Luzula multiflora (Retz.) Lej.: ( + ); Wood
Rush; frequent; mesic woods; BSUH 12296.

Lamiaceae (Mint Family)

Ajuga reptans L.: (^, +); Carpet Bugle;

rare; along CR 500E; BSUH 12297.

Blephilia hirsuta (Pursh.) Benth.: Hairy

Wood Mint; frequent; mesic woods; BSUH
12298.

Collinsonia canadensis L.: Northern Horse-

balm; frequent; mesic woods; BSUH 12299.

Glechoma hederacea L.: {*)\ Gill-over-the-

Ground; rare; along Wheeling Pike; BSUH
1 2300.

Lamium purpureum L.: (^, +): Red Dead
Nettle; infrequent; along driveway and roads;

BSUH 12301.

Melissa officinalis L.: (^^ +); Lemon Balm;

rare; along CR 500E by east gate; BSUH
12302.

Monarda fistulosa L.: Wild Bergamot; in-

frequent; just south of floodplain; BSUH
12303.

Prunella vulgaris L.: ( >); Selfheal; rare;

driveway; BSUH 12304.

Scutellaria incana Biehler: Downy Skull-

cap; infrequent; woods along path north of the

old field; BSUH 12305.

Scutellaria lateriflora L.: Mad-Dog Skull-

cap; infrequent; floodplain west of stream;

BSUH 12306.

Scutellaria ovata Hill van versicolor {Nuii.)

Fern.: ( + ); Forest Skullcap; rare; woods east

of old field on shoulder of slope; BSUH
12307.

Stachys hispida Pursh.: ( + ); Hispid Hedge
Nettle; infrequent; west of stream near seeps;

BSUH 12308.

Stachys tenuifolia Willd.: Smooth Hedge
Nettle; infrequent; floodplain west of stream

along trail; BSUH 12309.

Teucrium canadense L. van virginianum

(L.) Eaton: American Germander; infrequent;

easternmost extent of the old field; BSUH
12310.

Lauraceae (Laurel Family)

Lindera benzoin (L.) Blume: Spicebush;

frequent; along streams; BSUH 12311.

Sassafras albidum (Nutt.) Nees.: ( + ); Sas-

safras; frequent; along west fence and in old

field; BSUH 12312, 12313.

Lemnaceae (Duckweed Family)

Lemna minor L.: ( + ); Lesser Duckweed;
infrequent; standing water in floodplain and

slow moving curves of stream; BSUH 12314.

Liliaceae (Lily Family)

Allium canadense L.: ( + ); Onion; frequent;

lowlands; BSUH 12315.

Allium tricoccum Alton van burdickii (Al-

ton) Hanes: Ramp; abundant; mesic woods;

BSUH 12316.

Camassia scilloides (Raf.) Cory: Wild Hy-
acinth; frequent; floodplain; BSUH 12317.

Erythronium albidum Nutt.: (+ ); White

Trout Lily; frequent; lowlands; BSUH 12318.

Erythronium americanum Ker Gawler: Yel-

low Trout Lily; abundant; mesic woods;
BSUH 12319.

Polygonatum bifforum (Walter) Elliott: Sol-

omon's Seal; frequent; uplands and woods'

edge along CR 500E; BSUH 12320.

Smilacina racemosa (L.) Desf.: False Sol-

omon's Seal; frequent; mesic woods; BSUH
12321.

Trillium flexipes Raf.: ( + ); Bent Trillium;

abundant; mesic woods; BSUH 12322.

Trillium grandiflorum (Michx.) Salisb.:

( + ); Big White Trillium; infrequent; steep

slopes of ravines above streams; BSUH
12323.

Trillium recun^atum Beck.: Prairie Trillium;

frequent; mesic woods; BSUH 12324.

Trillium sessile L.: Toadshade; frequent;

mesic woods; BSUH 12325, 12326.

Uvularia grandiflora J.E. Smith: Bellwort;

abundant; mesic woods; BSUH 12327.
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Veratrum woodii Robbins: ( + ); False Hel-

lebore; infrequent; woods south of high ropes

and slope of east ridge; BSUH 12328.

Limnanthaceae (Meadow-Foam Family)

Floerkea proserpinacoides Willd.: False

Mermaid; infrequent; floodplain; BSUH
12329.

Magnoliaceae (Magnolia Family)

Liriodendron tulipifera L.: Tulip Tree or

Yellow Poplar; frequent; mesic woods; BSUH
12330.

Malvaceae (Mallow Family)

Abutilon theophrasti Medikus: (^, +); Vel-

vetleaf; infrequent; along river and stream;

BSUH 12331.

Sida spinosa L.: (^, +); Prickly Sida; rare;

along Wheeling Pike; BSUH 12332.

Menispermaceae (Moonseed Family)

Menispermum canadense L.: Moonseed;
rare; southeast corner of property at woods"

edge; BSUH 12333.

Moraceae (Mulberry Family)

Moras alba L.: (^, +); White Mulberry;

rare; southeast corner, behind sign; BSUH
12334.

Morns rubra L.: ( + ); Red Mulberry; rare;

along river and in floodplain; BSUH 12335.

Oleaceae (Olive Family)

Fraxinus americana L.: ( + ); White Ash;

abundant; mesic woods; BSUH 12336.

Fraxinus pennsylvanica Marshall: ( + );

Green Ash; infrequent; floodplain and seeps;

BSUH 12337.

Fraxinus quadrangulata Michx.: ( + ); Blue

Ash; frequent; upland forests; BSUH 12338.

Onagraceae (Evening Primrose Family)

Circaea hitetiana L. var. canadensis: Com-
mon Enchanter's Nightshade; infrequent;

shoulder of north end of east hilltop; BSUH
12339.

Oenothera biennis L.: Common Evening

Primrose; rare; along Wheeling Pike; BSUH
12340.

Orchidaceae (Orchid Family)

Aplectrwn Iiyemale (Muhl.) Torr.: ( + ); Put-

tyroot; rare; on east hillside along trail; BSUH
12341.

Lipa ris liliifo/ia (L.) Rich.: ( — ): Large

Twayblade or Mauve Sleekwort: rare: v\(X)dy

old field along west fence: BSUH 12342.

Orobanchaceae (Broom-rape Family)

Epifagus viri^iniana (L.) BarUm.: (-);

Beech Drops; infrequent: with beech west of

stream and seep; BSUH 12343. 12344.

Oxalidaceae (Wood Sorrel Famil\ )

Oxalis striata L.: Common Yellow Wood
Sorrel; infrequent; woody old held along west

fence and in gaming area: BSUH 12345.

Papaveraceae (Poppy FamiK )

Sanguinaria canadensis L.: ( + j: Bloodroot:

frequent; mesic woods; BSUH 12346.

Stylophorum diphyllum (Michx.) Null.: (
- ):

Celandine Poppy; infrequent; steep slope near

trail, southeast corner; BSUH 12347.

Phytolaccaceae (Pokeweed Family)

Phytolacca americana L.: Pokeweed: infre-

quent; along Wheeling Pike; BSUH 12348.

Plantaginaceae (Plantain Famil\ )

Plantago lanceolata L.: (^-, ~): English

Plantain; infrequent; along Wheeling Pike and

CR 500E; BSUH 12349.^

Plantago rugelii Decne.: American Plan-

tain; infrequent; along Wheeling Pike and

driveway; BSUH 12350.

Platanaceae (Plane-tree Famil\ )

Platanus occidentalis L.: (
— ): S\caniore:

frequent: floodplain. ri\er and stream hank>:

BSUH 12351.

Poaceae (Grass Faniih )

Brachyelytnini erectuni (Schrcbcr) P.

Beauv.: ( + ): Long-Awned Wood Cuass; infre-

quent; east hillside: BSUH 12352.

Bronuis coniniututiis Schradcr: i ); Hair\

Chess: infrequenl: old ticld: BSIH 12353.

Bronuis incrinis Le\ sscr: ( .
- ): Smooth

Brome: rare: edge of gaming area: BSl'H
12354.

Cin/h! aniihlifhiccLi L.: C\M'nnion Wood-
reed: tVequeni: nicsic woods: BSl H 12355.

Diarrhcna anicricaua \ ar Linicricana P.

Beaux.: ( + ): Beak Grass: infrequent: mesic

woods: BSl'H 12356.

Digitariu isclnicniuni (Schvcbcv) Muhl.: (-.

+ ): Smooth Crabgrass: inlVcqucnt: gaming

area: BSl'H 12357^
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Echinochloa crusgalli (L.) P. Beauv.: Barn-

yard Grass; frequent; along the stream in the

floodplain; BSUH 12472.

Eleusine indica (L.) Gaertner: (t>, +);

Yardgrass; infrequent; along driveway; BSUH
12358.

Elymus hystrix L.: Bottlebrush Grass; fre-

quent; mesic woods; BSUH 12359.

Elymus riparius Wieg.: Streambank Rye;

frequent; mesic woods; BSUH 12360.

Elymus villosus Muhl.: Downy Wild Rye;

frequent; mesic woods; BSUH 12361.

Elymus virginicus L.: Virginia Wild Rye;

infrequent; along path through floodplain east

of stream; BSUH 12362.

Eragrostis minor Host.: (^, +); Lovegrass;

infrequent; along CR 500E; BSUH 12363.

Festuca subverticillata (Pers.) E. Alexeev.:

Nodding Fescue; frequent; mesic woods;
BSUH 12364.

Glyceria striata (Lam.) A. Hitchc: Fowl
Mannagrass; infrequent; east bank of stream;

BSUH 12365.

Leersia oryzoides (L.) Swartz: Rice Cut

Grass; frequent; along stream and river;

BSUH 12366.

Leersia virginica Willd.: White Grass; fre-

quent; floodplain wood; BSUH 12473.

Muhlenbergia frondosa (Poiret) Fern.:

Common Satin Grass; rare; steep bank along

stream; BSUH 12367.

Muhlenbergia schreberi J.F. Gmel.: Nim-
blewill; rare; along CR 500E; BSUH 12368.

Panicum dichotomiflorum Michx.: ( + );

Panic Grass; infrequent; along stream; BSUH
12369.

Panicum lanuginosum Elliott van fascicu-

latum (Torr.) Fern.: ( + ); Panic Grass; rare;

north edge of gaming area; BSUH 12370.

Phalaris arundinacea L.: (^>, +); Reed Ca-

nary Grass; frequent; along river, streams and

Wheeling Pike; BSUH 12371.

Phleum pratense L.: (tr); Timothy; infre-

quent; old field and gaming areas; BSUH
12372.

Poa pratensis L.: {^)\ Kentucky Bluegrass;

infrequent; woods east of driveway; BSUH
12373.

Setaria faberi R. Herrm.: (>, +); Nodding
Foxtail Grass; infrequent; along CR 500E;

BSUH 12374.

Setaria glauca (L.) P. Beauv.: (^r): Yellow

Foxtail Grass; infrequent; along CR 500E;

BSUH 12375.

Sporobolus asper (Michx.) Kunth.: Tall

Dropseed; infrequent; in dry or sandy soil

along Wheeling Pike; BSUH 12474.

Tridens flavus (L.) A. Hitchc: (^, +); Pur-

pletop; rare; along Wheeling Pike; BSUH
12376.

Zea mays L.: (^, +); Volunteer Corn; rare;

along Wheeling Pike; BSUH 12377.

Polemoniaceae (Phlox Family)

Phlox divaricata L.: Forest Phlox; abun-

dant; mesic woods; BSUH 12378.

Phlox paniculata L.: ('^); Summer Phlox;

infrequent; along river; BSUH 12379.

Polemonium reptans L.: Spreading Jacob's

Ladder; frequent; mesic woods; BSUH 12380.

Polygonaceae (Smartweed Family)

Polygonum aviculare L.: (^, +); Knotweed;

frequent; gaming area and along roads; BSUH
12381.

Polygonum cespitosum Blume: ( + ); Smart-

weed; infrequent; along river; BSUH 12382.

Polygonum pensylvanicum L.: Pennsylva-

nia Smartweed; infrequent; along streams and

river; BSUH 12383.

Polygonum persicaria L.: (^>); Lady's

Thumb; frequent; along streams and river;

BSUH 12384.

Polygonum punctatum Elliott: Dotted

Smartweed; frequent; floodplain; BSUH
12385.

Polygonum scandens L.: False Buckwheat;

infrequent; along stream; BSUH 12386.

Polygonum virginianum L.: Jumpseed;
abundant; floodplain; BSUH 12387.

Rumex altissumus A. Wood: ( + ); Pale

Dock; rare; floodplain open area east of

stream; BSUH 12388.

Rumex crispus L.: (^, +); Curly Dock; rare;

floodplain and along river; BSUH 12389.

Portulacaceae (Purselane Family)

Claytonia virginica L.: Spring Beauty;

abundant; mesic woods; BSUH 12390.

Primulaceae (Primrose Family)

Dodecatheon meadia L.: Eastern Shooting

Star; frequent; dry hilltops; BSUH 12391.

Lysimachia ciliata L.: Fringed Loosestrife;

infrequent; floodplain, east of stream along

trail; BSUH 12392.

Lysimachia nummularia L.: (^, +); Mon-
eywort; frequent; floodplain; BSUH 12393.

Samolus floribundus HBK.: Water Pimper-
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nel; infrequent; along stream at river; BSUH
12394.

Ranunculaceae (Buttercup Family)

Actaea alba (L.) Miller: ( + ); Doll's Eyes;

frequent; dry uplands; BSUH 12395.

Anemone virginiana L.: Tall Anemone;
rare; woods' edge along CR 500E; BSUH
12396.

Anemonella thalictroides (L.) Spach.: Rue
Anemone; abundant; mesic woods; BSUH
12397.

Caltha palustris L.: Marsh Marigold; fre-

quent; seeps and very wet areas; BSUH
12398.

Hepatica acutiloba DC: Sharp-Lobed He-

patica; frequent; on hillsides throughout;

BSUH 12399.

Hydrastis canadensis L.: Golden Seal; fre-

quent; woods north of gaming area and old

field; BSUH 12400.

Isopyrum biternatum (Raf.) T. & G.: False

Rue Anemone; abundant; mesic woods;
BSUH 12401.

Ranunculus abortivus L.: (+ ); Small-Flow-

ered Crowfoot; infrequent; along eastside of

stream south of the floodplain; BSUH 12402.

Ranunculus hispidus Michx. caricetorum

(Greene) T. Duncan: Hispid Buttercup; fre-

quent; along stream in floodplain; BSUH
12403.

Thalictrum dasycarpum Fischer & Ave-

Lall.: Purple-Stemmed Meadow Rue; infre-

quent; east hillside along trail; BSUH 12404.

Thalictrum dioicum L.: Early Meadow Rue;

infrequent; along river and stream in flood-

plain; BSUH 12405.

Rosaceae (Rose Family)

Agrimonia pubescens Wallr.: Downy Agri-

mony; infrequent; old field area; BSUH
12406.

Crataegus mollis (T. & G.) Scheele: Downy
Hawthorn; infrequent; woody old field; BSUH
12407.

Crataegus punctata Jacq.: ( + ); Dotted

Hawthorn; infrequent; woody old field; BSUH
12408.

Fragaria virginiana Duchesne: Thick-

Leaved Wild Strawberry; infrequent; along

driveway; BSUH 12409.

Geum canadense Jacq.: White Avens; fre-

quent; mesic woods; BSUH 12410.

Geum vernum (Raf.) T. & G.: Spring Av-

ens; infrequent; woods; BSUH 1241 I.

Physocarpus opulifolius (L.j Maxim \ar. in-

termedius (Rydb.j B.L. Robinson: i-)\ Nine-

bark; rare; between driveway and vvest fence:

BSUH 12412.

Potentilla simplex Michx.: Old-Field Fi\e-

Fingers; rare; east hilltop; BSUH 12413.

Prunus serotina Ehrh.: Wild Black Cherry:

frequent; mesic woods; BSUH 12414.

Pyrus malus L.: {'^y, Apple: infrequent:

woody old field; BSUH 12415.

Rosa multiflora Thunb. (', +): Multiflora

Rose; frequent; along west fence and in open

areas of floodplain; BSUH 12416.

Rosa setigera Michx.: Climbing Prairie

Rose; infrequent; old field; BSUH 12417.

Rubus allegheniensis T.C. Porter: Blackber-

ry; infrequent; near west fence and ri\er:

BSUH 12418.

Rubus occidentalis L.: ( + ): Black Raspber-

ry; frequent; along woods' edges and in old

field; BSUH 12419.

Rubus pensilvanicus Poiret.: ( + ): Pennsyl-

vania Blackberry; rare; along west fence in

woody old field; BSUH 12420.

Rubiaceae (Madder Famih

)

Galium aparine L.: Cleavers: abundant:

mesic woods; BSUH 12421.

Galium circaezaens Michx.: Forest Bed-

straw or Wild Licorice; frequent: drier \\ oods:

BSUH 12422.

Galium concinnum T. & G.: Shining Bed-

straw; abundant; mesic woods: BSUH 12423.

Galium triflorum Michx.: ( + ): Sweet Scent-

ed Bedstraw; frequent; mesic woods; BSUH
12424.

Salicaceae (Willow Faniih )

Populus deltoides Marshall: (
— ): Cotton-

woe^d: infrequent: along ri\er: BSl'H 12425.

Salixfragilis L.: ( . ^): Crack \\ illow ; rare:

along river; BSUH 12463.

Sali.x nigra Marshall: Black Willow; rare:

along river below bridge: BSIH 1242h.

Saururaceae (Li/ard's Tail F^\in"iil\ )

Scmrurus cernuus L.: Lizard's Tail: tVe-

quent: in seep north of inicrnimcni stream:

BSUH 12427.

Saxifragaceae (Saxifrage Faniil\ )

Hi'uclwrci cinwricciihi L.: Common Aluni-

Root: infrequent: east hilltop: BSIH I242S.
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Mitella diphylla L.: Two-Leaved Mitrewort;

frequent; mostly in low areas along streams;

BSUH 12429.

Scrophulariaceae (Figwort Family)

Aiireolaria virginica (L.) Pennell: ( + );

Downy False Foxglove; infrequent; along CR
500E near the east gate; BSUH 12464.

Chelone obliqua L.: ( + ); Purple Turtlehead;

infrequent; eastside of floodplain; BSUH
12430.

Lindernia dubia (L.) Pennell.: False Pim-

pernel; infrequent; along river; BSUH 12431.

Mimidus cdatus Aiton: Sharpwing Monkey
Flower; infrequent; along river; BSUH 12432.

Penstemon laevigatus Aiton: ( + ); Eastern

Beard Tongue; rare; on riverbank west of

stream mouth; BSUH 12475.

Scrophidaria mahlandica L.: Eastern Fig-

wort; infrequent; along CR 500E and stream;

BSUH 12433.

Verbascum thapsus L.: (^); Common Mul-

lein; rare; along Wheeling Pike; BSUH 12434.

Veronica anagallis-aquatica L.: ( + ); Water

Speedwell; infrequent; along river; BSUH
12435 [Threatened].

Veronica serpyUifolia L.: {*, +); Thyme-
Leaved Speedwell; rare; along CR 500E;

BSUH 12436.

Smilacaceae (Catbrier Family)

Smilax ecirrata (Englm.) S. Wats.: ( + ); Up-
right Smilax; infrequent; in floodplain; BSUH
12437.

Smilax herbacea L. van lasioneura (Small)

Rydb.: ( + ); Carrion Flower or Greenbrier;

rare; southeast corner in fence along CR 500E
12438.

Smilax hispida Muhl.: Bristly Greenbrier;

frequent; mesic woods; BSUH 12439.

Solanaceae (Nightshade Family)

Physalis Iongifolia Nutt. van subglabrata

(Mackenzie & Bush) Cronq.: Longleaf
Ground Cherry; infrequent; along CR 500E;

BSUH 12440.

Solanum nigrum L.: (Synonym: Solanum
ptychanthiim Dunal); Black Nightshade; infre-

quent; along stream near river; BSUH 12441.

Tiliaceae (Linden Family)

Tilia americana L.: Basswood or American

Linden; infrequent; mesic woods; BSUH
12442.

Ulmaceae (Elm Family)

Celtis occidentalis L.: Northern Hackberry;

frequent; mesic woods mostly in floodplain;

BSUH 12443.

Ulmus americana L.: ( + ); White Elm or

American Elm; abundant; mesic woods;
BSUH 12444.

Ulmus rubra Muhl.: Slippery Elm or Red
Elm; abundant; mesic woods; BSUH 12445.

Urticaceae (Nettle Family)

Boehmeria cylindrica (L.) Swartz.: False

Nettle; rare; along trail through floodplain

west of stream; BSUH 12446.

Laportea canadensis (L.) Wedd.: ( + );

Wood Nettle; abundant; mesic woods mostly

in floodplain; BSUH 12447.

Pilea pumila (L.) A. Gray: Clearweed; in-

frequent; along river; BSUH 12448.

Urtica dioica L.: (^); Nettle; infrequent; in

floodplain; BSUH 12449.

Valerianaceae (Valerian Family)

Valeriana pauciflora Michx.: Long-Tube
Valerian; infrequent; along streams and in wet

areas; BSUH 12450.

Valerianella umbilicata (SuUiv.) A. Wood:
Corn Salad; rare; in floodplain west of stream;

BSUH 12451.

Verbenaceae (Vervain Family)

Phryma leptostachya L.: Lopseed; frequent;

mesic woods; BSUH 12452.

Verbena hastata L.: Common Vervain;

rare; along river; BSUH 12453.

Verbena urticifolia L.: White Vervain; rare;

along river by stream mouth; BSUH 12454.

Violaceae (Violet Family)

Viola palmata L.: ( + ); Wood Violet; infre-

quent; on east hilltop; BSUH 12455.

Viola pubescens Aiton: Yellow Forest Vi-

olet; abundant; mesic woods; BSUH 12456.

Viola sororia Willd.: Dooryard Violet;

abundant; mesic woods; BSUH 12457.

Viola striata Aiton: Creamy Violet; fre-

quent; floodplain; BSUH 12458.

Vitaceae (Grape Family)

Parthenocissus quinquefolia (L.) Planchon:

( + ); Virginia Creeper; frequent; mesic woods;

BSUH 12459.

Vitis riparia Michx.: River-bank or Frost

Grape; frequent; mesic woods; BSUH 12460.
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Vitis vulpina L.: Frost Grape; frequent; me-

sic woods; BSUH 1246L
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EARLY SUCCESSION IN A TALLGRASS PRAIRIE
RESTORATION AND THE EFFECTS OF NITROGEN,

PHOSPHORUS, AND MICRONUTRIENT ENRICHMENTS

Paul E. Rothrock and Edwin R. Squiers: Randall Environmental Center, Taylor

University, Upland, Indiana 46989-1001 USA

ABSTRACT. The past decade has witnessed increased effort to restore prairie on former agricultural

land in Indiana. We used the Upland Prairie Restoration to document community changes over a five year

post-planting period and to examine the effects of acute fertilization with soil amendments. Growing
seasons I and II were characterized by rapidly changing communities of annual weeds. Dominant species

included Hibiscus trionum, Cyperus esculentus, Setaria glaiica followed in Year II by Setaria faberi and

Ambrosia artemisiifoUa. Prairie grasses {Andropogon gerardii and Sorghastrum nutans) and forbs domi-

nated by Rudbeckia hirta and Ratibida pinnata became evident during Years III-V. Prairie species density

and cover, as well as their diversity, reached mature stage by Year V. The prairie restoration community
showed no important responses to acute additions of phosphate, micronutrient mix, and a combination of

phosphate and micronutrients. Nitrogen enrichment, however, promoted weed cover in early stages of

community establishment. Weed dominance persisted throughout the five-year period of observation and

strongly inhibited the establishment of native prairie species. Our results suggest that successful prairie

restoration on former agricultural land should consider management practices that control nitrogen avail-

ability.

Keywords: Prairie restoration, succession, fertilizer, nitrogen, phosphorus, micronutrients

In pre-settlement Indiana, prairies made up

about 15% of the area, primarily in the north-

west and west-central portions of the state.

Unfortunately, most of the original prairie has

been lost to drainage, urbanization and agri-

culture (Samson & Knopf 1996). Only a few

high quality remnant areas, such as Hoosier

Prairie in Lake County, have been preserved;

and fewer than a dozen small examples of di-

verse kinds of prairie are part of our state na-

ture preserve system (Division of Nature Pre-

serves 1999).

The growing public awareness of this loss

of a fascinating part of our natural heritage is

one reason that prairie and its restoration have

become subjects of intense interest to many
people in the American Midwest (Sayer

1999). Within the scientific community, the

first attempts at habitat reconstruction in-

volved the tallgrass prairie at the University

of Wisconsin Arboretum between 1935-1941

(Bonta 1991). In Indiana over the past decade,

prairie restoration has become a familiar tool

for the Division of Nature Preserves (Rich

Dunbar pers. comm.) and the Nature Conser-

vancy (Nathan Simons pers. comm.). At least

one commercial nursery (Spence Nursery,

Muncie) has focused on developing a product

line suitable for ecological restoration of prai-

rie and wetland habitats.

In 1993, we initiated a tallgrass prairie res-

toration on a 25-acre site (10 ha) in Upland,

Indiana. Previously, this site had a long agri-

cultural history, first to raise row crops and

more recently as pasture. The significant size

of the Upland Prairie Restoration effort af-

forded opportunity to investigate questions re-

lating to the successional changes associated

with tallgrass prairie restoration on former ag-

ricultural land and the potential effects nutri-

ent amendments might have on that early

community development.

The earliest recorded tallgrass prairie res-

toration at University of Wisconsin attempted

to establish a prairie community through the

crude transplantation of blocks of sod (Bonta

1991). Since that pioneering effort, we have

learned much about seed acquisition, site

preparation, and planting (e.g., Schramm
1978, 1992). Likewise, the use of herbicides

as a management tool has received significant

attention (Packard & Mutel 1997) and a par-

160
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ticularly rich literature regarding the use of

fire has developed (e.g., Collins & Wallace

1990). Surprisingly, the role of soil amend-

ments seems to have had scant attention as a

factor for enhancing (or inhibiting) the estab-

lishment of a prairie restoration (Parkard &
Mutel 1997). Some types of ecological resto-

ration clearly benefit from fertilizer applica-

tion. These include coal mine spoils (Singh et

al. 1996), post limestone-quarry grasslands

(Richardson & Evans 1986), grass swards and

Salix scrub (Marrs et al. 1983), and montane

forest (Tanner et al. 1990).

Soils in east-central Indiana frequently have

concentrations of nitrogen, phosphorus, and

micronutrients that may limit plant productiv-

ity. Studies of whether micronutrient amend-
ments might enhance prairie or grassland

communities appear lacking. A few relevant

studies with phosphorus and especially nitro-

gen soil amendments are available. In some
rangelands, low nitrogen levels can limit plant

growth (Ownesby et al. 1970; Rains et al.

1975; Ownesby & Smith 1979; Hipp 1986;

Brejda et al. 1995). Furthermore, individual

species such as Panicum virgatum L. respond

to nitrogen by increases in ramet size and

flowering and seed production (Hartnett

1993). In other cases, nitrogen increases dry

matter production (Stubbendieck & Nielsen

1989), especially in forbs (Seastedt et al.

1991). In some prairie communities, a high

frequency of fire is one apparent cause of lim-

ited nitrogen. Burning depresses nitrogen

availability through volatilization and immo-
bilization of labile soil nitrogen (Seastedt et

al. 1991; Benning & Seastedt 1995).

While some studies of prairie communities

support a positive role for nitrogen amend-

ments, others issue caution. Excess nitrogen

can enhance the growth of annual weeds and

exotics (Berg 1995; Milchumas & Lauenroth

1995; Paschke et al. 2000). This weedy
growth could have particularly adverse effects

during the critical stage of establishing seed-

lings of native prairie species. Because of in-

creased weed content, the tempo of ecological

succession in which native perennials, partic-

ularly grasses, displace annual weeds may be

slowed (Wedin & Tilman 1990). In addition

to enhancing weed content, nitrogen enrich-

ment may lead to a reduction in species rich-

ness, as reported for native grasslands (Collins

et al. 1998) as well as in Audropogon gcnudii

Vit. plantings (Foster &l Gross 1998j. Forb

species, more than grass species, appear sen-

sitive to adverse effects of nitrogen enrich-

ment (Gibson et al. 1993).

A few studies have ](X)ked at the effects of

phosphorus amendments in prairie communi-
ties. On mature Konza Prairie, Gibson et al.

(1993) saw no effect on herbaceous cover fol-

lowing three years of phosphate enrichment.

Most studies of phosphorus enrichment ha\c

focused on their interaction with m\c()rrhi/ai

fungal. Eom et al. (1999) observed decreases

in extraradical mycorrhizal hyphae under con-

ditions of phosphate enrichment. Hetrick et al.

(1989) found that the biomass of big bluestem

seedlings was unresponsive to phosphorus fer-

tilizer. However, their greenhouse studies in-

dicated that warm-season grasses, when \\ ant-

ing in mycorrhizal fungi, responded positi\ ely

to phosphorus fertilizer (Hetrick et al. 1990).

At the time of initiating the Upland Prairie

Restoration, we had reasons to expect that the

site had a compromised mycorrhizal commu-
nity (McGonigle & Miller 1993). The site had

no recent history of supporting prairie species.

Instead, it had experienced poor soil manage-

ment under a regime of row crop productiem

and pasture, conditions poorh suited for

maintaining diverse and abundant m\conhi-

zae. Consequently, we were interested in

whether phosphorus fertilizer might supple-

ment or replace the nutrients normal 1\ gar-

nered by mycorrhizal fungi.

In summary, our objecti\es in this multiple

season study were: 1) to describe the pattern

of community succession on a tallgrass res-

toration initiated on agricultural soils, and 2)

to examine the effects of phosphate, micro-

nutrient, micronutrients plus phosphate, and

nitrogen enrichment on the dexek^pmcnt and

structure of this communit\

.

METHODS
The Lapland Prairie Restoration consists of

a 25-acre (10 ha) site o\\ uclI b\ A\ is Indus-

trial Corp.. l^pland. Indiana (N4(V2~.2 .

W85''0'). Before the onset of restoration, the

rolling field produced row crops icorn and

so\beans) and pasture of Kentuck\ blue-grass

{Foa pnHi'tisis L.). fescues {Fcsiucli spp.i. and

\arious \\eed\ and oldtield forbs. Routine

anahsis (b\ Central Uaborator\. Indianapolis.

and A c'v: L Great Lakes Laboratories. Fort

Wa\ne. Indiana) indicated that fertilit\ of the
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site varied. The eastern half overall had higher

levels of soil nutrients. The western half was

especially deemed low or very low in phos-

phorus (Bray PI of 4-10 ppm) and the mi-

cronutrients boron and zinc, while the eastern

half had medium phosphorus levels (8—26

ppm) and mostly adequate micronutrient con-

centrations. Across the study area, total Kjel-

dahl nitrogen ranged from 0.13-0.28%.

In April 1993, the vegetation was treated

with Round-up® herbicide (glyphosate - a

product of Monsanto Agricultural Chemicals)

at recommended rates. In early June, after

plant die-back, the ground was tilled, disked,

and planted with cold-treated, hand-collected

prairie seed mixes. The seed mixes were pre-

sumed to contained regional genotypes since

they were gathered from prairie fragments in

eastern Illinois and western Indiana. Across

most of the area, big blue-stem {Andropogon

gerardii) and Indian grass {Sorghastrum nu-

tans (L.) Nash) predominated in the seed mix.

Although these grasses formed the bulk of the

seed mix, it contained a diversity of other

grasses and forbs with a total count of ap-

proximately 50 species.

Before seed germination, we laid out six

treatment blocks in a randomized complete

block experimental design. One pair of blocks

(Al and A2) occupied flat topography in the

northeast corner of the field (Fig. 1). The par-

ticular seed mix for this area contained an

abundance of forbs and little blue-stem (Schi-

zachyrium scoparium (Michx.) Nash) but had

minimal seed from tallgrass species. A second

pair of blocks (Bl and B2) was placed in the

center of the 25-acre (10 ha) site, a flat area

near the base of an east-facing slope. This

seed mix was rich in several tallgrass species

(<10% forb content). The final pair of treat-

ment blocks (CI and C2) was sited on a well-

drained, east-facing slope near the west mar-

gin of the field where the seed mix was
enriched with forbs (approximately 20% of

seed content).

Each of the 36 X 17 m blocks contained

five randomly assigned treatment strips: con-

trol, micronutrients, nitrogen, phosphate, and

phosphate + micronutrients. The treatment

strips, separated from each other by 2 m wide

buffer zones, were 17 X 5 m. This provided

sufficient area for two sampling zones 15 m
in length for a total of 30 potential sample

areas per treatment strip. In June 1993 and late

forbs-LBS area
A2y

CI

C2
[MDbi

area rich in tall
grass species

tall grasses & forbs

Rt. 26

Figure 1 .—Schematic showing layout of research

plots on the 25-acre (10 ha) Upland Prairie Resto-

ration site. Not drawn to scale. Blocks Al and A2
are situated in an area rich in forbs and little blue-

stem (LBS); the grass rich area of block Bl and B2
was planted with less than 10% forbs in the seed

mix; blocks CI and C2 were planted with approx-

imately 20% forbs in the seed mix. Each experi-

mental block encompasses an area of 36 X 17 m.

April 1994—1997, we applied nutrients with a

hand-held spreader. The micronutrients in-

cluded boron (2.3 g/m-), manganese (1.6

g/m^), and zinc (1.2 g/m-^). Nitrogen, in the

form of 46% urea, was spread at a rate of 40

g/m- and 46% phosphate at 30 g/m-. During

the 1993 and 1994 growing seasons, we at-

tempted no weed control within the treatment

strips. However, field thistle {Cirsium arvense

(L.) Scop.) proved persistent and necessitated

spot treatment in May 1995 and each subse-

quent year.

Starting with the 1993 season, sampling of

density and canopy cover of each weed and

prairie species took place in late July—early

August. During the first two growing seasons,

sampling consisted of 15 random 0.25 m-
quadrats per treatment strip. Thus, the total

quadrats sampled across the experimental de-

sign was 450 per year. As prairie species

gained size, their quadrat size was increased

to 1 m-.

Total density and total cover of prairie spe-

cies and of weeds were calculated for each

quadrat. In the context of this experiment, we
define weeds to mean those species not in-
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eluded in the planted seed mix. Statistical

analysis indicated that transect data, even

when transformed, did not fulfill the assump-

tion of normal distribution. As a result, statis-

tical comparisons between samples relied

upon the non-parametric Mann-Whitney test.

In describing the development of the prairie

community, mean values for cover and for

density were calculated from pooled transects

within each block. Effects of soil amendments
were tested by pooling similar treatments

across the six blocks.

RESULTS

Development of the prairie communi-
ty.—In the first growing season (1993 or Year

I) of the Upland Prairie Restoration, annual

weeds dominated. They reached average cov-

er as high as 131% (Fig. 2) in the more moist

sites (blocks Al and A2) located in the north-

east corner of field. In the first season (1993),

abundant species included flower-of-an-hour

{Hibiscus trionum L.), nut-sedge {Cyperus es-

culentus L.), and yellow foxtail (Setaria glau-

ca (L.) R Beauv.).

During Year II (1994), the Upland Prairie

Restoration site was still heavily dominated

by annual weeds (average within block cover

ranged from 103-150%) but the species com-
position changed. Flower-of-an-hour and nut-

sedge were replaced by giant foxtail {Setaria

faberi Herrm.) and common ragweed {Ambro-

sia artemisiifolia L.). Also during Year II, the

total density of weed species reached a peaked

(Fig. 3); average within block weed densities

ranged from 770 plants per m- in drier sites

to 2005 per m- in moister sites.

By Year III (1995), the Upland Prairie Res-

toration had undergone dramatic changes. The
density of annual weed species in 1995

dropped precipitously (Fig. 3). Except for

block A2, average density returned to below

570 per m'. Weed cover (Fig. 2) also fell to

less than 75% for blocks BI, B2, CI, and C2
but remained significantly higher (P <
0.0005) for blocks Al and A2. This overall

decline in weed density and cover was accom-

panied by strong increases in dominance o(

prairie species (Figs. 4, 5). Average cover by

prairie species was as high as 70% (block C 1

)

in the well-drained, forb-enriched areas in the

western portion of the planting. Three species

were particularly prevalent: black-eyed Susan

{Rudbeckia hirta L.), big blue-stem {Andro-

pogon gerardii), and Indian grass (Sorghas-

trum nutans). In the case of black-eyed Susan,

the sharply-increased densities were due to

high number of seedlings that sometimes car-

peted areas between young grass tussocks. On
the other hand, increased grass densities re-

flect vigorous tiller production in big blue-

stem and Indiana grass.

Community succession over the remaining

two years involved further increases in tillers

by perennial grasses accompanied by a de-

cline in forb seedlings such as black-eyed Su-

san and prairie coneflower (Ratibida pinnata

(Vent.) Barnhart). As a result, the highest den-

sities, averaging about 160 shoots per m-. oc-

curred in 1996 (Fig. 5). At the end of the li\e

years of observation (1997), the four blocks

(Bl, B2, CI, and C2) sown with grass rich

mixes had an average prairie plant cover of

45-61% (Fig. 4).

The pattern of succession towards high co\ -

er and density of prairie species was not uni-

form across the experimental design. Plots Al
and A2, located on flat ground and planted

with a seed mix containing an abundance of

forbs and little blue-stem, under-performed

over the period from Years III-V. The average

cover by prairie species in these plots ranged

only from 10.5—16.1% (Fig. 4) and density

only reached a maximum of 32 shoots per m-

(Fig. 5). Not surprisingly, the \\eed co\er in

these two blocks remained substantial!) high-

er than those of blocks B2, CI, and C2 (Fig.

2), although the density of weeds did decline

to levels typical of other blocks (Fig. 3).

Response to soil amendments.—During

each of the five years v>^ observation. scmI

amendments (micronutrients. nitrogen, phos-

phate, and phosphate + micronutrient mix)

were individually applied to strips w iihm each

block. We expected that their addition might

stimulate prairie development, i.e.. merease

the cover and/or densitv o{ prairie species.

The results indicate that, relative to the con-

trol, none o( the amendments eonsisienilv en-

hanced the development oi the prairie com-

munity (Figs. 8. 9). Bv ^ear 111 i h)^)>). cover

in the micronutrient. phosphate, and phos-

phate + micronutrient treatments increased to

an average o( M .7—1-2. 5'( while the control

reached 49<"r (Fig. 8). Slalisiieallv . (he Mnps
treated vv ith micronutrienis or phosphate alone

had slightlv lower cover (/' \ 0.02) and den-

sity {F -^ 0.04) than the control (Fig. 9). How-
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Figures 2-5.—Changes in the Upland Prairie

Restoration, 1993-1997. 2. Weed species, mean
percent cover; 3. Weed species, mean density; 4.

Prairie species, mean percent cover; 5. Prairie spe-

cies, mean density. Blocks (Al, A2, Bl, B2, CI,

C2) represent paired locations on the Restoration

site (see Fig. 1 ). For clarity, standard error bars are

not shown; variation was consistently less than 10%
of the mean value.

ever, during the last two seasons of observa-

tion (Years IV—V), these differences largely

disappeared. When compared to the control,

no significant differences in cover or density

of prairie species were observed in Year IV

(1996) and only cover within the phosphate

treatment was statistically lower {P < 0.02)

than the control in Year V (1997).

While no fertilizer amendment provided

sustained, meaningful enhancement of the de-

veloping prairie community, the negative re-

sponse to nitrogen application was unequivo-

cal. In nitrogen treated strips, average cover

and density of prairie species remained near

nil to extremely low throughout the duration

of the study (Figs. 8, 9). Instead, the areas

receiving nitrogen applications retained a

community dominated by annual weed spe-

cies. These weeds included common and giant

ragweed {Ambrosia thfida L.), giant foxtail,

lamb's quarter {Chenopodium album L.), and

knotweeds {Polygonum spp.). Their domi-

nance in nitrogen-enriched plots was not usu-

ally due to increases in density. In fact, in

Years II-III (1994 and 1995) the density of

annual weeds was actually lower where nitro-

gen had been applied (Fig. 7). Clearly, how-
ever, the luxuriant nitrogen supply modified

the size and, therefore, cover of individual

weed plants (Fig. 6). This response was par-

ticularly evident in the first year of the exper-

iment (1993) when weed cover under nitrogen

enriched conditions averaged near 140%.
Even at the end of the observation period (i.e..

Years IV-V), the cover of weeds was still ap-

proximately 85% and substantially composed
of annual as opposed to perennial weed spe-

cies.

To clarify further the observed relationship

between nitrogen enrichment and prairie spe-

cies, we plotted the five-year response to ni-

trogen for each individual block against the

pooled results from control plots (Figs. 10,

11). Among five of the six blocks, cover of

prairie species in nitrogen treatment plots con-

sistently remained below 6% (compared to

50% for control plots) throughout the study

period (Fig. 10). At the same time, density

remained below 14 shoots per m^ (Fig. 11)

compared to up to 107 shoots per m^ in con-

trol plots. The cover and density of prairie

species in block CI, located in the well-

drained western sector of Upland Prairie Res-

toration site, was somewhat exceptional. By
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nitrogen enrichment versus pooled control (1991-

1997). 10. Mean per cent cover; 11. Mean density.

The control is pooled from across the six blocks.

Individual nitrogen enrichment treatments are

shown for each block - Al. A2. B 1. 82. CI . and

C2. Note the low and strongly oserlapping \alues

for each nitrogen transect except the one from block

CI.

1997, this block had a\crage co\er of ncaii\

18% and densit\ of 38 shoots per ni\ Al-

though these \alues are signihcaniK higher

than those of other nitrogen plots. ihe\ are siill

significantly lower than those obser\ed for

non-nitrogen treatments (e.g.. for co\er data:

P < 0.0008). Of interest, this same block sup-

ported a low weed eo\er during the tirst \ ear

(1993) of the experiment, with an a\erage of

only 53% (Fig. 2). Ho\\e\er. in other \eais us

weed cover and density were not excepiionai.

DISCISSION

In the Cpland Prairie Restoration, annual

species doniinated the earl\ sueeessional eom-

munit) (Years I-ll). Seedlings of prairie spe-

cies were present \\ ithin the subsiaiitial weed
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stands but did not become readily visible until

Year III. By the end of the five-year study

period, the overall Upland Prairie Restoration

had a high cover and density of planted prairie

grasses and forbs, including substantial pop-

ulations of about 15 species. Subsequent sam-

pling (unpubl. data for 1998-2000) indicates

that this species diversity and quality has

changed little.

The use of phosphate, micronutrients, or a

combination of phosphate + micronutrients

proved ineffective in enhancing establishment

of prairie grass and forb seedling and overall

community development. Instead, one of the

most critical factors was simply the location.

Within the topographic diversity of the site, a

gentle east-facing slope proved most favor-

able. On lower, flat areas, heavy June rainfall

during Year I held the silt-loam soils at satu-

ration for a prolonged period. These moister

micro-sites had lower density and cover of

prairie species through most of the five-year

observation period. Some portions of the 25-

acre (10 ha) site (outside the experimental

area) actually experienced short-term flooding

and, as a result, only developed a sparse cover

of big blue-stem.

Our inability to demonstrate effects due to

phosphorus fertilization supports the findings

of Gibson et al. (1993) on natural Konza Prai-

rie. In general, tallgrass species are obligate

mycotrophs (Hetrick et al. 1994; Knapp et al

1998). In a study of the obligate mycotroph,

big blue-stem, Hetrick et al. (1989) found no

increase in biomass with phosphate. This lack

of responsiveness extends to other warm-sea-

son grasses (Hetrick et al. 1990). According

to Hetrick et al. (1994), these obligate sym-

bionts would have less competitive advantage

in a phosphate-enriched environment (al-

though we were unable to demonstrate clear

detrimental effects of phosphate enrichment in

our field experiment). Forbs as well as cool-

season grasses, on the other hand, often lack

a dependence upon mycorrhizal fungi. Yet,

again in our restoration, phosphate failed to

enhance growth even in areas where forbs

were abundant. This was unexpected given the

results of Hetrick et al. (1990) in which fac-

ultative symbionts responded to either phos-

phate enrichment or mycorrhizae.

In contrast to the neutral response to phos-

phate or micronutrient enrichment, nitrogen

fertilization clearly had detrimental impact.

This took the form of increased dominance
and persistence of annual weeds and a con-

comitant reduction in prairie species. The ni-

trogen effects we observed have been reported

for other herbaceous communities such as old

fields (Carson & Barrett 1988; Goldberg &
Miller 1990), hay-meadows (Silvertown

1980), flatwood range (Kalmbacker & Martin

1996) as well as tundra and short-grass prairie

(Gough et al. 2000). In our case, nitrogen en-

richment compromised establishment of prai-

rie grasses as well as forbs. Under conditions

of nitrogen enrichment, individual weed
plants may attain greater biomass and cover,

resulting in strong light attenuation at ground

level (Wilson & Tilman 1993; Piper 1995;

Foster & Gross 1998). These low-light con-

ditions may, in turn, suppress seed germina-

tion, as seen in winter wheat (Valenti & Wicks

1992), and/or the ability of seedlings to en-

dure strong interspecific competition. Regard-

less of the specific mechanism, the negative

effects of nitrogen enrichment may be of more
consequence in this early stage of restoration.

As somewhat of a contrast to the observations

on the Upland Prairie Restoration, Seastedt et

al. (1991), in their study of nitrogen addition

to mature Konza Prairie, did not report in-

creases in weed content but rather a change in

the competitive environment that favored forb

species over C4 grasses.

Our results demonstrate the negative impact

of acute nitrogen enrichment of a restoration

site. Can we also expect lower or chronic ni-

trogen enrichment to be a problem? Bobbink
et al. (1998) suggest that even air-borne nitro-

gen deposition can alter community function.

Nitrogen-fixing shrubs in California coastal

prairie (Maron & Connors 1996) and Thfoli-

iim repens L. in grasslands (Warren 2000) fa-

cilitate invasion by weedy exotics. These ob-

servations suggest a need to alter management
strategies for nutrient-rich prairie restoration

sites. One suggested strategy is soil impover-

ishment, through the addition of saw-dust (To-

rek et al. 2000; Morgan 1994; Wilson & Ger-

ry 1995), to immobilize nitrogen. Or, Collins

et al. (1998) recommend high mowing in or-

der to increase light at ground level and the

enhancement of seed germination and seed-

ling development.
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FRESHWATER HELIOZOA (PROTISTA, HELIOZOA)
FROM INDIANA

Daniel E. Wujek: Department of Biology, Central Michigan University. Mt. Pleasant.

Michigan 48859 USA

ABSTRACT. Six taxa of siliceous scale-bearing heliozoa belonging to the genera Acunthocystis. Fin-

aciophora, Pterocystis, Raphidocystis and Raphidiophrys were observed from various nc^rthern Indiana

freshwater sites. All are new records for Indiana.

Keywords: Protista, Heliozoa

Previous surveys of Indiana's freshwater

protists which utilized electron microscopy

(EM) have reported a diverse flora on the

group of organisms known as the silica-scaled

chrysophytes (Wujek & Swinehart 1995; Wu-
jek & Bechtel 1997). While the taxonomy of

silica-scale bearing algae of the golden-brown

algae (Chrysophyceae and Synurophyceae)

has been affirmed on the structure of siliceous

scales as determined with the electron micro-

scope (Takahashi 1978; Asmund & Kristian-

sen 1986; Siver 1989; Kristiansen 2002), "the

use of similar criteria in scale-bearing proto-

zoa has been slow to develop" (Nicholls

1983a).

Petersen and Hansen (1960) were the first

to describe new species of a group of protis-

tans known as heliozoa based on the electron

microscopy of their scales. Since 1960 contri-

butions to the literature on this topic has been

sporadic. Only the studies of Dtirrschmidt in

Chile, New Zealand and Sri Lanka (1985,

1987a, b); Nicholls and co-workers in Canada

(Nicholls 1983a, b; Nicholls & Lynn 1984;

Nicholls & Diirrschmidt 1985); Croome and

co-workers in Australia (Croome 1986, 1987a.

b, c; Croome et al. 1987); Siemensma & Roi-

jackers in The Netherlands (Siemensma 1981;

Siemensma & Roijackers 1988a, b); and Mi-

krjukov in Russia (Mikrjukov 1993a, b,

1994a, b, c, 1995, 1996a, b, 1999. 2000a, b)

have demonstrated that scale structure in he-

liozoa possessing siliceous scales is the single

most reliable taxonomic criterion for this

group. Previously much of the taxonomy was

based on light microscopy of variable cell fea-

tures (e.g., color, size, vacuolation, etc.), or of

scales, the structure of which cannot be dis-

cerned clearly by light microscopy.

The purpose of this paper is to gi\ e a tax-

onomic account of Indiana freshwater helio-

zoa observed during EM sur\e\'s for silica-

scaled chrysophytes (Wujek & Swinehart

1995; Wujek & Bechtel 1997) from two north-

ern counties and Lake Monroe in Monroe
County. The only other reports of scaled pro-

tists from the United States using EM other

than silica-scaled chrysophytes are those oi

Wee & Millie (1983), Wujek et al. (1^)99.

2002), and Wujek (2003a. b).

METHODS
Lugol-fixed plankton samples from a w ide

variety of northern Indiana fresh w aters w ere

examined using transmission and scanning

electron microscopy as previous 1\ described

in Wujek & Swinehart (1995) and Wujek c<:

Bechtel (1997). Observations were made on

samples collected at \arious times m l'')^)^ and

1994: in 1993 from nine sites in Noble Count)

(Fig. 1) and one site in Whitnex Coinu\ (Wu-

jek & Swinehart 1995): and in U)^)4. 14 sam-

ples from Lake Monroe (Wujek \: Becluel

1997) (Table 1).

OBSERVATIONS AND DISCI SSION

Six species belonging lo ihe helio/oan gen-

era Accuithocysns. Fiiuiciophnra. Ftcrocysiis.

Raphidocystis, and Raphidiophrxs were ob-

served from \arious northen Indiana frc->h-

water sites (Table 1. Figs. 2-~). The hclio/oan

classitication thai follows conforms lo criteria

established b\ Page c'v: Siemensma t U^'-M ).

Crislidiscoid Helio/oa

Numerous, but \ariablc round, bicoinex.

perforated, and o\erlapping scales co\er the
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^^^ Meiry Lea Boundary

I I Open Water

L: I Wetland

Figure 1
.—Map of the Merry Lea Environmental Center, showing the location of the sampling sites in

Noble County, Indiana.

cells in the genus Pinaciophora. Like all filose

amoeba, this genus lacks the axonemes and

extrusomes observed in the centrohelid helio-

zoa.

Pinaciophora fluviatilis Greeff.

—

(Fig. 2).

First reports of this organism for the U.S., un-

der the name of Potamodiscus kalbei Gerloff,

were from Mississippi and Ohio (Gaardner et

al. 1976) and Alaska (Manton & Sutherland

1979). Gaardner et al. (1976) showed this spe-

cies was incorrectly described as a centric di-

atom. It has since been reported from the U.S.

Great Lakes (Wee & Millie 1983) and New
York (Smol 1987). I observed it from only

one site (Table 1). Other EM reports of this

species include both marine and freshwater

habitats in Europe (Thomsen 1978; Belcher &
Swale 1978), Canada (Nicholls 1983b), Ant-

arctica (Takahashi 1981), and The Netherlands

(Roijackers & Siemensma 1988).

Raphidiophrys intermedia Penard.—(Fig.

3). The cells of the genus Raphidiophrys are

coated with curved, spindle-shaped scales.

Eighteen species are recognized (Mikrjukov

1994c). The only EM reports of this species

are from Canada (Ontario), Chile, New Zea-

land and Malaysia (Nicholls & Durrschmidt

1985), Australia (Croome 1987) and The
Netherlands and Sweden (Roijackers & Sie-

mensma 1988). I observed it only once during

my observations (Table 1).

Centrohelid Heliozoa

The genus Acanthocystis contains more
species than any of the other Centrohelida.

The genus, erected by Carter (1863), is wide

spread with members occurring in both fresh-

water and marine habitats. Cells tend to be

round and covered by siliceous spine scales

with a layer of overlapping body scales.

Acanthocystis polymorpha Diirrsch-

midt.—(Fig. 4). Although scales of this or-

ganism were originally illustrated by Taka-

hashi (1959) as occurring in Japan, it was not

until 1985 that Durrschmidt (1985) formally

described it as a taxon from Chile. Its occur-

rence in Indiana (Table 1) represents the sec-

ond report for this species in the U.S.

Pterocystis fortesca (Nicholls) Siemensma
& Roijackers.—(Fig. 5). Members of the ge-

nus Pterocystis (Siemensma & Roijackers

1988a), as in the genus Choanocystis, possess

tangential plate scales and radial spine scales.

However, the spine scales are bilaterally sym-
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Figures 2-7.—Transmission electron micrographs of siliceous scales of Indiana liclio/oans. 2. Pinacio-

phora fluviatilis, plate scale; 3. Raphidiophrys intermedia, lamellate plate scale: 4. Accinfhccvstis />('/v-

morpha, cell with plate and spine scales; 5. Pterocystis forresca, spine scale: 6. A\//'///t/('c \ vr/v mhiuni,

plate scale, two large plate scales; 7. Raphidocystis flabellata, circuhu- plate scale. Scale bars = 1 ijim.

Table 1.—Indiana locations containing heliozoa. See Wujek c^ Swinehari [ l'-)'^)5) and Wujok A; Hi

(1997) for physiochemical data.

Taxon Date Localioii

Acanthocystis polymorplia

Pinaciophora fluviatilis

Pterocystis fortesca

Raphidocystis fioheUata

Raphidocystis tubifera

Rap/iidioph rys ifiteniiedia

4 May 1994 Lake Monroe (Monroe C\nint\ i

28 June 1994 Lake Monroe (Monioc C\nini\ i

29 June 1993 Crooked lake i\\ hule> C\nim\ >: Ke

High Lake .<: Reilh Cua\cl Pu iNo

8 June 1994 Lake Monroe i Monroe C\nini\ '

2 July 1993 Lealherleaf Bog i Noble C\nini\ >

29 June 1993 Reith Gravel Pit .v^ raniaraek Bog

2 July 1993 Leatherleaf Bog lall Noble (.\nini> ^

2 July 1993 Leatherleaf Boe (Noble Couiu\ i

Img Pond.

le e\nint\

)
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metrical, with a cylindrical shaft and membra-
nous base which merge into two lateral mem-
branous wings that extend for some distance

along the shaft.

Originally described from Canada as Acan-

thocystis fortesca Nicholls (1983a), Siemens-

ma & Roij ackers (1988a) transferred it to the

genus Pterocystis and also placed it in syn-

onymy with the taxon Acanthocystis panto-

podecoides Nicholls (1983a). It has since been

reported from Australia (Croome 1986). This

species was the most widely observed in this

study (Table 1).

Raphidocystis flabellata (Diirrschmidt)

Page & Siemensma.—(Fig. 7). Species in the

genus Raphidocystis tend to have cells that are

round and covered with cup-shaped scales in

addition to many radiate tubular scales. Pre-

viously reported from Chile, New Zealand,

Germany, and Canada (Diirrschmidt 1987), it

has been recently reported from the Gulf

Coast of the U.S. (Wujek 2003b). I observed

it only from the Leatherleaf bog sample (Table

1).

Raphidocystis tubifera Penard.—(Fig. 6).

Since its original description from France

(Penard 1904), electron microscopic reports of

this species include: Rees et al. (1980) from

England and Canada; Nicholls & Diirrschmidt

(1985) from Canada, Chile, New Zealand,

Malaysia and Sri Lanka; Croome (1986) from

Australia; Finlay et al. (1988) from England;

and Wujek (2003b) from the United States

based on studies using EM. I observed it in

collections from three sites (Table 1).

Unidentified Scales

The short species list given above is not

exhaustive. I observed a number of other

scales, but I was unable to identify them be-

cause in most cases either the plate or spine

scales were not present and both are usually

needed to confirm identifications.

What is significant is the paucity of taxa

observed when considering that 24 different

sampling sites were sampled. Collections and

observations representing other seasons and

from other regions will undoubtedly yield ad-

ditional species.
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DISTRIBUTION PATTERNS OF FRESHWATP:R
SHRIMP AND CRAYFISH (DECAPODA: CAMBARIDAE)

IN THE PATOKA RIVER BASIN OF INDIANA

Thomas P. Simon: U.S. Fish and Wildlife Service, 620 South Walker Street.

Bloomington, Indiana 47403-2121 USA

Roger F. Thoma: The Ohio State University, Museum of Biological Diversity,

Crustacean Range, 1351 Kinnear Drive, Columbus, Ohio 43212-1 192 USA

ABSTRACT. Eleven species of crayfish and freshwater shrimp were collected during a stud\ ot the

Patoka River drainage of Indiana between 2000-2002. The Mississippi grass shrimp PaUicmoiietes kadi-

akensis was the only shrimp species collected from wetland ponds and stream areas adjacent to \crnal

ponds. Several rare species were encountered, including Orconectes (Faxoniiis) indianensis and O. KJr-

conectes) inermis inermis. Orconectes (Orconectes) inermis inermis was collected from a single ca\e

location near Valeene. Orconectes (Faxonius) indianensis was found throughout the watershed, but uas

most common in the upper third of the watershed within the Hoosier National Forest. Procambarus

(Ortmannicus) acutus and two Erebicambariis species members, Cambarus laevis and C. tenebrosiis. ucre

collected from small streams emanating from caves and karst springs. Three primary burrowing cra>tish

forms (Fallicambarus (Creaserinus) fodiens, Cambarus (Tubericanibarus) sp. A and Ca/tihcirus iLiuuni-

cambarus) sp. A.) were more common throughout the watershed, while Cambarus (L. } sp. A w as ct^llecied

only from the glaciated portions of the watershed.

Keywords: Cambarus, Orconectes, Fallicambarus, Procambarus, Palaenumetes, Cambaridae. Palae-

monidae

The crayfish family Cambaridae represents

a large group of over 300 described and un-

described species in two subfamilies (Hobbs

1989). Simon (2001) provided a checklist of

Indiana species that documented the occur-

rence of tv^o freshwater shrimp and 22 cray-

fish species within the political boundaries of

Indiana. Despite the study of decapod crusta-

ceans within Indiana for the last 130 years

(Cope 1872; Packard 1873; Bundy 1877). lim-

ited surveys have documented the faunas of

complete watersheds. The most studied Indi-

ana faunas have been the crayfish of northern

Indiana (Bundy 1877; Williamson 1907),

Lake Maxinkuckee (Evermann & Clark

1920), and cave faunas (Cope 1872; Packard

1873; Hay 1893; Lewis 1983; Lewis et al.

2002, 2003).

The Patoka River drainage is a large trib-

utary of the lower Wabash River that tlows

into the Ohio River and possesses an interest-

ing crayfish fauna because of the east to west

direction of flow and the crossing of several

physiographic provinces (Schneider 1966).

Virtually nothing is known o^ the decapcul

fauna of the Patoka Ri\er drainage: ho\\c\cr.

Simon et al. (1995) collected tish ihroughoui

the watershed and reported on anthropogenic

changes between 1888 and 2001 (Simon et al.

2003). No pre\ious distribLilii.)n studies ot" the

crayfish and freshwater shrimp ha\e been eon-

ducted in the Patoka Ri\er watershed. The

purpose of the current stud\ was to Lioeiunent

the shrimp and cra> tish fauna ot" a large wa-

tershed in southern Indiana.

METHODS

Study area.—The Patoka Riser is a nar-

rowly-contined trihutar> ot" the lower Wabash

Ri\er that originates near \aleene. Orange

Count\-. Indiana (Simon et al. l*-)*-)."^). We sam-

pled at 125 lenlie and lotie sites throughout

the entire watershed il"ig. 1 \. fhe Patoka Ri\-

er flows west for 1(^2 miles (2hO km) across

the Crawford I'pland and the Wabash Low-

land ph\ siographie units iSehneider L>66K

draining 862 square miles il3SS km') m Cub-

son. Pike. Dubois, and C^ranee Counties. Se\ -

175
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i^^-^^if^

Figure 1
.—The Patoka River watershed runs from east to west in southwestern Indiana. Including the

meanders of the channel (not a straight measurement), the river is 162 miles (260 km) long. It joins the

Wabash River near the borders of Gibson County and Knox County. The Wabash River drains into the

Ohio River. Sampling was done in 2001 and 2002.

eral large public land holdings include the Pa-

toka River unit of the Hoosier National Forest,

Patoka Lake and the U.S. Army Corps of En-

gineers holdings, and the U.S. Fish and Wild-

life Service's Patoka River National Wildlife

Refuge.

Collection methodology.—Open-water
crayfish and freshwater shrimp were sam-
pled by seining, dipnetting, or electrofishing

of all representative habitats at a locality

(Simon 2001). Electrofishing included the

use of a pulsed DC Smith-Root generator

backpack electrofishing unit capable of 300
V output and usually 3-6 amps. All speci-

mens observed were captured, and a portion

was retained for later identification in the

laboratory. Sites were sampled so that a

minimum distance of 15 times the stream

width was sampled. Each surveyed site con-

sisted of a minimum distance of 50 m and a

maximum distance of 500 m in large-to-

moderate sized rivers. Oxbow pond and lake

littoral shoreline habitat was surveyed for

500 m. All available habitats were sampled

at each location including riffle, run, pool,

various instream cover types (e.g., woody
debris, slab bedrock crevices, boulders,

aquatic macrophytes), and beneath undercut

banks. All specimens were placed in a live

well and retained until the end of the col-

lecting zone.

Burrowing crayfish were collected using

two approaches. Prairie crayfish that remained

in burrows were collected using a modified

toilet plunger to force the crayfish from the

burrow (Simon 2001). Water was poured into

the burrow until full, then suction was applied

at the entrance so that a good seal was estab-

lished. Plunging the burrow caused the exit

holes to be exposed, and after several attempts

the exit holes were examined for the presence

of the resident crayfish. If the plunger did not

reveal the crayfish, then a spade was used to

excavate the burrow. Depths that were exca-

vated in the Patoka River drainage ranged be-

tween 0.6—2 m.

Specimens retained for laboratory identifi-

cation were identified using Page (1985),
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O Palaemonetes kadiakensis

• Orconectes (Gremicambarus) immunis

V Orconectes (Faxonins) Indlanensls

• Cambarus (Tubericambarus) sp. A

V Cambarus (Lacunicamharus) sp. A

O Orconectes (Orconectes) inermis

€ Proccunbarus (Ortmannicus) acittus

Fallicambarus (Creaserinus)fodiens

• Cambarus (Erebicambarus) tenebrosus

O Cambarus(Erebicambams) laevis

V Orconectes (Crockerinus) propinquus

Figures 2-4.—Distribution of crayfish and freshwater shrimp species in the Paioka Ri\er. 2. Disinbution

of Palaemonetes kadiakensis, Orconectes (Gfetnicambcinis) ininiunis. and (h\\^H(.\Tt-s i Fii.\i>nius) indi-

anensis; 3. Distribution of Cambarus (Tubericambarus) sp. A. Cambarus (Lacunuambarus) sp. A. and

Orconectes (Orconectes) inermis inermis; 4. Distribution of Procambarus (Ortmannicus) acurus. Faili-

cambarus (Creaserinus) fodiens, Cambarus (Erclyiccunbarus) rcncbrcysus. Ciimbiirus i Erebicambarus) lac-

vis, and Orconectes (Crockerinus) propifujuus.



178 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

c
aj
OJ

^
CJ

x:

u
&/J

£
c r:l

Ti
(U

a y.

T) ^
> O

C^
o

II

^
^ -n

Cl _'

c
u r3

c (]J

c
a.
-1

o
I)

II

a
H
rt

-<
3

O,

(i; £
•r/^

A c
:^

^ P
, ^

1) II

<i) a
I

15

c ;_J

'^ r
(l;

T3
II—

-

J-.
•-

OJ r:

c o
!-1

'1^ o

'-»
OJ

—
r; CO

a II

:a
c^

WJC/)

T^ "Tj

~
o

a- c^
r
V >>

o

lg

^ <

-a

o

r-inr<-, OO^nO^n0^O^^~Jr^JOr~-^-OO^~-O(^i^<--OO^^r^rnOr^J^nr^J^<^OO
u^jr-- — a^ONrvir^inrvi(N(N(Nr--iir)avOu-'jiri^ON(N(NOOoor-ONrnrot^^--in

^ "^i '*. '^i "^i *^; ^ <^ ^ '^ <^. <^. ~: P ~: ^ —: "^^ ^-! ^ ^ ^. ^ ^ ~: "~: <^. ^. 'I ^ *" '^ "
DC0C0C0C0C0O000000O0O000OOO0O00OCX)0O0O0O0O0O0OO00O000OOO0O0O000OOO

— sor^r^irir-r^, »n(NOr~-ror--r'~iOr^or^iOr~~-ooo— r-oouo(N — '^oo^oo — ooo^vOOooo — inor^
O — ^vorjr^-, (Noo'^orjoi/o — '* — r^-^ONOooooo^ON — ONr^iTjin^in^oo
'Nf 'sf r^-- r^i r-, r^, r^i rj ri r<^ r<-. r<-; ri rn rJ rn r<~, c^, (N rJ rJ rJ (N m rt rr, r^t r^, rr, r^, r^> r^, c^,

o6o6q6o6o6o6oco6o6o6o6o6o6o6o6q6q6o6oco6ococo6o6o6q6q6o6o6o^
r^i r^t r^i r^, r^i ri c^i c^i r^i c^i r^t r^, (T) i^i c^t en r^ r^t m r^i (T'l r<-j r<"j m m r<~i r*"* m (^ r<"j r<"( m m

OOr~-Of^-Ornmt^m
ir-i IT) ^ uo r<-j in 0-, 00 -- m

^ W

LU
£ 2

E

o
U

u
C

o

Oh a

o Z

c
o

O ^
1 ^

= ^ ^ ^ "^

a. t^

n
X)

S W
DC

(N

M
OJ (^
^ U

^ a:

o ^ ^

oj U

2 c/^

o ^
ŵ
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Table 2.—Freshwater shrimp and crayfish species collected from the Patoka River drainage. The num-

bers represent sites listed in Table 1, while numbers in parentheses refer to the number of individuals

collected. The sequence of species follows Simon (2001).

Species Sites where species was collected

Family Palaemonidae (freshwater shrimp)

Palaemonetes kadiakensis Rathbun, Mississippi

grass shrimp

Family Cambaridae (crayfish)

Procambarus {Ortmannicus) acutiis (Girard),

White River crayfish

Orconectes (Crockerinus) propinqiius (Girard),

northern clearwater crayfish

O. {Faxonius) indianensis (Hay), Indiana cray-

fish

O. (Gremicambarus) immunis (Hagen), paper-

shell crayfish

O. (Orconectes) inermis inermis Cope, Indiana

cave crayfish

Fallicambarus {Creaseriniis) fodiens (Cottle),

digger crayfish

Cambarus (Erebicambarus) laevis Faxon, karst

crayfish

C. {£.) tenebrosus Hay, cavespring crayfish

C. {Lacunicambanis) sp. A, great plains mudbuj

C {Tubericambarus) sp. A, painted-hand mud-

bug

3(3), 36(1), 44(110), 46(11), 48(88), 75(1),

76(9), 77(7), 78(18), 79(2), 83(4), 84(1),

91(2), 95(2), 96(30), 101(2), 102(1), 107(11),

108(2)

4(5), 44(3), 46(1), 47(1)

41(2), 42(2), 81(2), 82(4)

16(2), 37(1), 43(11), 47(41), 48(38), 49(53),

50(21), 51(106), 52(20), 53(11), 54(2), 56(2),

57(26), 58(11), 59(16), 60(3), 61(12), 62(12),

63(36), 64(54), 66(9), 67(30), 68(65), 69(63),

70(1), 71(79), 72(2), 73(67), 77(1), 78(6),

79(2), 80(1), 82(5), 86(1), 89(5), 91(1), 93(1),

94(5), 97(8), 98(2), 99(4), 101(8), 102(8)

6(4), 7(1), 14(5), 20(1), 24(2), 28(15), 29(2),

31(5), 32(1), 33(3), 34(5), 35(5), 37(1),

39(18), 40(14), 41(33), 42(11), 43(15),

45(29), 46(173), 47(58), 49(15), 50(37),

52(4), 55(41), 56(1), 57(28), 58(11), 60(12),

61(1), 62(5), 80(2), 81(1), 82(1), 84(1),

85(14), 86(3), 87(7), 90(2), 92(8), 93(5),

96(2), 97(5), 98(1), 99(3), 102(1), 107(1),

108(8)

74(2)

5(1), 8(1), 15(1), 17(2), 20(2), 24(1), 29(1),

38(4)

67(5), 74(3)

31(3), 32(3), 42(1), 49(1), 51(6), 52(1), 53(6),

59(8), 62(1), 63(2), 64(3), 66(12), 68(1),

69(14), 70(3), 71(1), 72(1), 73(3)

96(2), 100(1)

1(3), 2(1), 3(1), 6(3), 7(1), 8(1), 11(5), 13(3),

14(1), 15(3), 16(2), 18(2), 20(2), 26(4), 27(5),

29(5), 30(1), 31(2), 32(1), 35(1), 39(2), 40(3),

41(1), 45(8), 46(6), 47(1), 48(1), 49(2), 51(2),

53(6), 54(1), 55(13), 56(1), 57(3), 58(11),

59(2), 60(12), 62(3), 63(1), 67(1), 68(2),

69(7), 70(2), 71(1), 73(5), 75(2), 76(1), 77(4),

78(5), 79(7), 80(1), 82(2), 88(1), 90(1), 93(2),

100(1), 103(1), 105(6), 107(3), 108(1)

Pflieger (1996), and Thoma & Jezerinac

(2000). All specimens were deposited in the

crustacean collection of the Indiana Biological

Survey, Bloomington.

RESULTS AND DISCUSSION
Distribution of decapods.—The Patoka

River drainage includes 10 species of crayfish

and a single freshwater shrimp (Tables 1, 2).
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Only a single species of freshwater shrimp

was collected from the watershed (Fig. 2). The
Mississippi grass shrimp Palaemonetes kadi-

akensis was found primarily in the mainstem

Patoka River; however, the species was also

found in small tributaries adjacent to vernal

ponds and wetlands. This species is usually

more common in pond, marsh, and slough

habitats than in streams. Female specimens

collected during April were ovigerous and

were pigmented with lime-green bars along

their sides.

Ten Cambaridae species were collected

from the Patoka River drainage including

members of each of the four Indiana crayfish

genera (Tables 1, 2). Procambarus acutus was

the only Procambarus species collected (Fig.

4). The species was most common in small

headwater streams that possessed overhanging

grasses and dense root wads along the stream

margins. No ovigerous females were collected

during this study.

Two Erebicambarus species, Cambarus
laevis and C. tenebrosus were collected from

karst areas of the watershed (Tables 1, 2; Fig.

4). Taylor (1997) has considered these species

as synonymous; however, we follow Simon

(2001) in separating them until further study

can verify Taylor's hypothesis. Cambarus lae-

vis was collected from two sites in the upper

portion of the watershed (Fig. 4). One site was
inside Spring Spring cave and the other from

a breakdown area where groundwater was em-

anating from a newly forming cave. The two

species were found beneath large boulder

rocks in springs outflows and near the entranc-

es of caves. Within the Patoka River drainage

the two species were not sympatric; however,

elsewhere the two species are commonly col-

lected together at the same site (Simon un-

publ. data).

Three primary burrowing species were col-

lected from the watershed (Fig. 3, 4). Two
Cambarus species and Fallicambarus (Creas-

erinus) fodiens were collected from roadside

ditches, farm fields, and wetland habitats (Ta-

bles 1, 2). The widest-ranging burrowing spe-

cies was Cambarus (Tubericambarus) sp. A
(Fig. 3). This species was mentioned by Jez-

erinac (1993) as ranging throughout southern

Indiana, Ohio, and Illinois. This species was

the only crayfish at many of the sites affected

by acid mine drainage, oil brine, and coal

mining. Fallicambarus (Crcascriuus) fodiens

was the second most abundant and widest dis-

tributed burrowing species (Fig. 4j. We col-

lected F. (C.) fodiens and Cambarus (T.) sp.

A together and Cambarus (T.) sp. A and Cam-
barus (Lacunicambarus ) sp. A at several of

the same sites, but all three burro \\ing species

are not sympatric at the same site.

Four secondary burrowing species of the

genus Orconectes were collected duiiny this

study (Tables 1, 2). The most abundant and

widely distributed was O. (Grenucamharus)

immunis. which was collected from among
woody debris, overhanging vegetation, and

debris piles (Fig. 2). Orconectes (Crockeri-

nus) propinquus was collected from four sites

in the lower Patoka River (Fig. 4). Surprising-

ly, Orconectes (Faxoniiis) iiulicuiciisis uas

much more common than pre\iousl\ consid-

ered (Thoma & Simon unpubl. data), primar-

ily being collected from the upper third of the

watershed (Fig. 2). The troglobitic cra\fish O.

inermis inermis was found in a single ca\e in

the extreme headwaters of the Patoka Ri\er.

Thoma et al. (unpubl. data) has reviewed the

distribution of records for the northern ca\e

crayfish and found that the species w as not as

broadly distributed in the Patoka Riser drain-

age as originally considered (Fig. 3).

Several sites were dry or were intermittent

during the sampling period. The\ include Flat

Creek tributary (site 104). Hog Branch isuc

109), unnamed tributar\ at SR 364 biidiie

(site 110). Wheeler Creek (site 10). the old

Wabash and Erie Canal (site 111), and Lick

Creek (site 112). All of these streams aKo
lacked water during the sampling conducted

in 1993 and 2000 (Simon et al. 1^)^)?>,

No crayfish were collected tVoni Rough

Creek (sites 9. 22. 23). Wheeler Creek (site

10). Durham ditch (site 12). South Fork Pa-

toka River (site 19). Rough Creek irihuiar\

(site 21), Robinsc>n Creek (site 2?). and Sugvir

Creek (site 106). These sites were attecied b\

acid mine drainage, oil bnnc. or coal mining

(Simon et al. X^')^)^. :()()3). No cra\tish were

collected from an\ o\ the lake or o\how sucs

sampled in the watershed. The lakes and ox-

bows sampled included Paiokvi I akc (sues

113-1 IS). Hunimgburg lake i sites 11 o. \Z{))_

Bea\er Dam Lake isiie 12 1). New (Oakland

Cit\ Lake (sites \11. 123). Big Bottom wet-

land (site 124). and Tucker Lake tsite 12.-^).

Gradient Patterns .\ffectinii Distribu-

tion.—The distribtition of enntish and shrimp
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follows several landscape scales including

Ecoregions, Sub-ecoregions, and Natural Di-

visions. Omernik and Gallant (1988) defined

Ecoregions for the midwest states, Woods et

al. (1996) defined Sub-ecoregions for Indiana

and Ohio, while Natural Divisions were de-

fined by Homoya et al. (1985). Both Ecore-

gion frameworks are based on climate, land

use, physiography, potential natural vegetation

at different scales, while Natural Divisions in-

clude zoogeographic patterns. The Patoka

River contains two Ecoregions, the Interior

River Lowland to the west and the Interior

Plateau to the east, while several Sub-ecore-

gions are recognized within the Interior River

Lowland. Homoya divided the Patoka River

into six subdivisions. These subdivisions from

west to east include the Southern Bottom

Lands, Southwestern Lowlands-glaciated,

Southwestern Plainville, Southwestern Low-
lands-driftless, and Shawnee Hill-Crawford

Upland.

Species distributions that were exclusively

contained within the Interior River Lowland
Ecoregion included Procambarus (Ortmanni-

cus) acutus, Cambarus (Lacunicambarus) sp.

A, Fallicambarus (Creaserinus) fodiens, and

O. (Crockerinus) propinquus (Figs. 3, 4). Spe-

cies distributions that are contained within the

Interior Plateau Ecoregion include Cambarus
(Erebicambarus) tenebrosus and O. (Orconec-

tes) inermis inermis. No pattern in ecoregion

distribution was observed for Palaemonetes

kadiakensis, Cambarus (Tubericambarus) sp.

A, O. (Gremicambarus) immunis, and O.

(Faxonius) indianensis.

Cambarus (L.) sp. A (Fig. 3) and Palae-

monetes kadiakensis (Fig. 2) occur along the

Southwestern Lowlands-glaciated subdivision

portions of the watershed, while Fallicamba-

rus (C.) fodiens is limited to the Southwestern

Lowlands-driftless subdivision (Fig. 4). Cam-
barus (E.) tenebrosus and O. inermis inermis

were limited to the Shawnee Hill-Crawford

Upland subdivision (Fig. 3).

Patterns in zoogeographic distributions of

Indiana crayfish species are largely deter-

mined by the last glacial advance (Simon un-

publ. data). The Wisconsian glacier only cov-

ered the western-most portion of the lower

Patoka River. Because glacial refugia were es-

tablished and more southern species were able

to remain in these areas, watersheds such as

the Patoka River are more faunistically di-

verse than northern watersheds that were com-
pletely obliterated (Simon 2001). Thus, south-

ern portions of Indiana that were not affected

by the last glacial advance will require further

collection efforts to document the biodiversity

of the crayfish and shrimp fauna.
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BREEDING BIRD COMMUNITIES IN BURNED AND
UNBURNED SITES IN A MATURE INDIANA OAK FOREST

Steven M. Aquilani\ Thomas E. Morreli, and David C. LeBlanc:

Biology, Ball State University, Muncie, Indiana 47306 USA
Department of

ABSTRACT. Prescribed fire is being used increasingly by forest managers throughout the U.S. to attain

specific management objectives. However, little is known about the effects of fire management practices

on non-game bird communities, particularly in deciduous forests of the Midwest that are important breed-

ing grounds for many Neotropical migrant songbirds. We compared bird species abundance and community
composition in a recently burned (1993 and 1995) closed-canopy forest plot with an adjacent unburned

plot, using breeding bird surveys conducted in 1996 and 1997. Avian species richness and overall bird

abundance (for all species pooled) did not differ between sites. Avian community composition, however,

differed between sites in both years. Ground-nesting Black-and-white Warblers {Muiotilta varia). Oven-

birds (Seiunis aiirocappilus) and Eastern Towhees {Pipilo erythrophthalmiis) were more abundant in the

unburned site. Conversely, cavity-nesting White-breasted Nuthatches {Sitta carolinensis) were more abun-

dant in the burned site. Migrant and resident ground- and shrub-nesting guilds were more abundant in

unburned forest. Prescribed fires may adversely affect habitat quality for some forest songbirds, particularly

species which require dense understory growth. Prescribed fires may benefit other species by creating

open understories and snags. Land managers should consider the direct and indirect effects of habitat

alteration associated with prescribed fires on all nesting songbirds to conserve local and regional avian

biodiversity.

Keywords: Neotropical migrant, songbird, fire, community, management

Evidence indicates that many species of

Neotropical migrant songbirds associated with

forest habitats have experienced population

declines over the last 50 years (Askins et al.

1990; Hagan & Johnston 1992; Askins 1995;

Herkert 1995). North American Breeding Bird

Survey data reveal declines for many open-

cup nesters in Midwestern deciduous forests

over the last 30 years (Peterjohn et al. 1995).

This list of forest songbirds includes, but is

not limited to, the following: Eastern Wood
Pewee (Contopus virens). Wood Thrush {Hy-

locichla mustelina). Cerulean Warbler (Den-

droica cerulea). Black-and-white Warbler

{Mniotilta varia). Ovenbird (Seiurus aurocap-

pilus), Kentucky Warbler {Oporornis formo-

sits). Hooded Warbler (Wilsonia citrina, and

Scarlet Tanager (Piranga olivacea). Habitat

fragmentation and its associated adverse ef-

fects through nest predation and brood para-

sitism (Brittingham & Temple 1983; Askins

1995) has been implicated as a primary factor

^Current address: Department of Biology, Dela-

ware County Community College, Media, Pennsyl-

vania 19063 USA

contributing to the decline of many of these

species (Robinson et al. 1995). However, past

and current forest management practices also

may adversely impact nesting songbirds

(DeGraaf & Rappole 1995). For example, Ro-

dewald & Smith (1998) found that manual re-

moval of understory vegetation in Arkansas

oak-hickory forests may result in decreased

abundance of ground- and shrub-nesting forest

obligates. Prescribed burning also has been

implicated in decreased nesting success of

ground- and shrub-nesting migrant species in

areas where the understory vegetation is re-

duced by fire (Aquilani et al. 2000).

Prescribed fire is increasingly being used as

a forest management tool in eastern deciduous

forests of the United States. However, only re-

cently have ecologists begun to investigate the

effects of fire on non-game wildlife. Given the

potential adverse consequences that pre-

scribed burning may cause for some avian

species and the fact that it is increasingly be-

ing used through the U.S., it is imperative that

the effects of fire management be investigated.

Thus, the primary objective of our study is to

investigate the effects of prescribed fire on

186
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breeding bird abundance and avian commu-
nity structure in Midwestern deciduous for-

ests. To accomplish this, we examined avian

community composition in burned and un-

burned forest stands of Hoosier National For-

est in south-central Indiana during the 1996

and 1997 breeding seasons.

METHODS
Study area.—The study was conducted in

the Fork Ridge area of the Hoosier National

Forest, Jackson County, Indiana. This area is

characterized by narrow ridgetops, steep me-

sic slopes (20-40%), and narrow hollows,

with elevations ranging from 195—290 m.

Both sites were forested areas with stands

ranging in age from 60—120 yr. Oak (Quercus)

and hickory (Carya) species dominated the

upland sites, and American beech {Fagus

grandifolia) and maples {Acer) dominated the

lower slopes and hollows. The understory

woody vegetation was dominated by seedlings

and saplings of maple, beech, blackgum {Nys-

sa sylvatica), sassafras (Sassafras albiduni),

and flowering dogwood {Cornus florida).

In March 1993 and April 1995, the U.S.

Forest Service set prescribed surface fires in

the burned area to reduce understory shade-

tolerant shrub and tree sapling density and to

stimulate growth of herbaceous vegetation and

oak regeneration. Fires were ignited at hol-

lows and allowed to spread upslope. Post-fire

evaluations in 1993 indicated that 50-60% of

leaf litter and 30-50% of understory vegeta-

tion were consumed. Top-kill of shade tolerant

understory woody vegetation was 40%. In

1995, a second prescribed burn consumed
80% of leaf litter and understory vegetation

and top-killed 80% of shade tolerant woody
vegetation. As of 1997, live woody stem

(<2,5 cm dbh) density and horizontal vege-

tation cover at levels > 0.5 m above ground

were lower in the burned area than in the un-

burned area, while the density of dead small

woody stems was greater in the burned area

(Aquilani et al. 2000). Herbaceous ground

cover, horizontal cover < 0.5 m above ground,

and tree overstory basal area did not differ

between burned and unburned areas (Aquilani

et al. 2000).

We conducted breeding bird surveys in t\\ o

approximately 160 ha forest areas (the burned

treatment site and the unburned control site).

These two similar forest areas were separated

by 0.7 km ol' forest which was bisected b\ an

infrequently used, unpaved road. A pipeline

trail (<15 m wide) and a hiking trail (-^10 m
wide) bordered roughly one-half o\' the perim-

eter of each of the sites.

Avian community samplinj^.—Birds were

surveyed during the breeding season ( 1

8

May-25 June 1996 and 15 May-26 June

1997) using unlimited-radius point counts

(Hutto et al. 1986). Thompson and Schwal-

bach (1995) recommended using unlimited-ra-

dius counts over fixed-radius counts in Hoo-
sier National Forest. Unlimited-radius counts

result in higher detections per plot and in-

creased statistical power compared to 4(j. 5(J.

or even 70 m radius plots (Thompson &
Schwalbach 1995). Within each site. 18 per-

manent point count plots were established in

1996. In 1997, five additional permanent point

count plots were established in each site. Point

count plot centers were located at > 150 m
intervals. The distance between adjacent

points was beyond the range of auditor) de-

tectability of most Neotropical migrant bird

species (Wolf et al. 1995), thus ensuriniz in-

dependence among sample counts. To mini-

mize edge effects, no point counts were con-

ducted within 50 m of non-forested areas.

Each point count plot was visited three

times. Upon arrival at each plot center, we ob-

served a 1-min acclimation period. This was

followed by a 10 min observation period dur-

ing which all birds seen or heard ai ilic point

were recorded. The presence of birds such as

swifts, vultures and haw ks also w as recorded.

but they were not included in anal\ sis because

relatively little attention was paid to the skies

above the canop>' (where these birds are niosi

often seen).

Surveys were conducted c\clusi\cl\ be-

tween 0545-0900 h. No point counis were

made after 0900 h because bird aeii\ii\ and

conspicuousness (priniariK \ oeali/aiions) de-

creased markedly between 0^)3l)-l(HHl h. The

order in which sites (burned vs. unburned^

were \ isited was alternated dail\. Further-

more, the order in whicli point count plots

were \isiled during subsequent \isits was al-

ternated, as was the iiine of the \ isu such ihai

each plot was \isiied al some time m ihe

0(^00. 0700 and 0800 h time periods. Ail point

counts were conducted on calm iwmd speed

<20 km/hr) mornings without precipitation

(Robbins 1981). To a\oid iiner-obser\er \ ar-
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lability, only one individual conducted the

bird surveys.

For each site, the mean number of individ-

uals detected per species per point count plot

was derived using the average number of in-

dividuals of each species detected from the

three visits to each point. In addition, the total

number of individual birds detected per point

per site was also calculated.

Statistical analysis.—All analyses of bird

relative abundance were based on the mean
number of individuals derived from the three

visits to each point during our unlimited-ra-

dius counts. Mann-Whitney f/-tests were used

to test for differences in relative abundance of

each species between the burned and un-

burned sites. Two-tailed T-tests assuming
equal variances were used to test for differ-

ences between sites in the total number of in-

dividuals detected per point. The relative

abundance of bird species grouped by nesting

guild was compared between the burned and

unburned sites using Mann-Whitney f/-tests.

Species were placed into one of the following

nesting guilds: ground- and shrub-nesting

(nests placed from 0.0-1.0 m from ground)

Neotropical migrants; ground- and shrub-nest-

ing residents; cavity nesters; understory and

subcanopy (nests placed from 1.0-10.0 m
from ground) nesters; and canopy nesters

(nests at >10 m). Brown-headed Cowbirds

and migrant species that were detected but do

not nest in this geographic area (i.e.. Northern

Junco, Junco hyemalis) were not included in

comparisons of nesting guild abundance.

RESULTS

Avian community composition (1996).—
In 1996, there were 26 and 30 species ob-

served in the burned and unburned sites, re-

spectively. There was no difference between

the mean number of individuals detected per

point in the burned (5.41) and unburned (5.33)

sites {T = 2.032; DF = 34; P = 0.932). Ov-
enbirds and Eastern Towhees were more abun-

dant within the unburned site compared to the

burned site (Table 1). Conversely, Scarlet Tan-

agers, Indigo Buntings {Passerina cyanea),

and White-breasted Nuthatches were more
abundant in the burned than the unburned site.

Twelve species present in the unburned site

were absent in the burned, including: Ken-
tucky Warbler, Black-and-white Warbler, East-

ern Phoebe (Sayornis phoebe), American Red-

start (Setophaga ruticulla). Downy
Woodpecker {Picoides pubescens). Hairy
Woodpecker (P. villosus). Northern Flicker

{Colaptes auratus). Ruby-throated Humming-
bird {Archilochus colubris). Ruffed Grouse

{Bonasa umbellus). Whip-poor-will (Capri-

mulgus vociferus), and Eastern Towhee. Con-
versely, the following nine species were pre-

sent in the burned site yet absent in the

unburned site: Indigo Bunting, Yellow War-

bler (Dendroica petechia). Cerulean Warbler

(D. cerulea). White-breasted Nuthatch, Dark-

eyed Junco (Junco hyemalis). Mourning Dove
(Zenaida macroura). Chimney Swift (Chae-

tura pelagica), and Wild Turkey (Meleagris

gallopavo).

Avian community composition (1997).—
In 1997, there were 30 and 32 species ob-

served in the burned and unburned sites, re-

spectively. As in 1996, mean number of

individuals detected per point did not differ

between the burned (5.23) and unburned

(5.91) sites {T = 2.015; DF = 44; P = 0.239).

Ovenbirds, Eastern Phoebes, Black-and-white

Warblers, and Eastern Towhees were more
abundant in the unburned site, whereas White-

breasted Nuthatches were more abundant in

the burned site (Table 1).

The following nine species were present in

the unburned site, yet were absent in the

burned site: Black-and-white Warbler, Eastern

Phoebe, Hairy Woodpecker, Northern Flicker,

Ruby-throated Hummingbird, Eastern To-

whee, Northern Cardinal (Cardinalis cardi-

nalis). Cedar Waxwing {Bombycilla cedro-

rum), and Veery {Catharus fuscescens).

Conversely, the following seven species were

present in the burned site, yet absent in the

unburned: Indigo Bunting, Yellow Warbler,

Yellow-throated Warbler {Dendroica domini-

ca). Warbling Vireo (Vireo gilvis), Swainson's

Thrush {Catharus ustulatus). Red-headed
Woodpecker {Melanerpes erythrocephalus),

and Yellow-rumped Warbler {Dendroica co-

ronata).

DISCUSSION

Prescribed burning at Fork Ridge had little

effect on avian species richness or total bird

density. Species-by-species comparisons be-

tween the two sites suggest that the prescribed

burn may have affected bird community struc-

ture. Thus, it is possible that prescribed sur-

face fires affect overall community structure
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Table 1.—Mean number of individuals per unlimited-radius count in burned and unburned sites at Fork

Ridge, Hoosier National Forest.

1996 1997

Bird species Burned Unburned u P Burned Unburned U F

Archilochus colubris 0.00 0.02 153.0 0.32 0.00 0.03 241.5 0.15

Bombycilla cedrorum — — — — 0.00 0.09 253.0 0.32

Bonasa umbellus 0.00 0.02 153.0 0.32 — — — —
Caprimulgus vociferus 0.00 0.04 144.0 0.15 — — — —
Cardinalis cardinalis 0.02 0.09 143.5 0.28 0.00 0.06 241.5 0.15

Catharus fuseescens — — — — 0.00 0.04 230.0 0.08

Catharus ustulatus — — — — 0.07 0.00 287.5 0.15

Centurus earolinus 0.19 0.07 202.0 0.13 0.25 0.15 303.0 0.32

Coecyzus amerieanus 0.19 0.28 128.5 0.24 0.03 0.17 231.5 0.37

Colaptes auratus 0.00 0.04 144.0 0.15 0.00 0.04 230.0 0.08

Contopus virens 0.67 0.52 190.5 0.35 0.39 0.44 241.5 0.60

Corvus braehyrhynehos 0.13 0.15 159.0 0.91 0.28 0.30 243.0 0.53

Cyanocitta eristata 0.39 0.31 198.5 0.22 0.17 0.22 245.5 0.53

Dendroiea eerulea 0.02 0.00 171.0 0.32 — — — —
Dendroiea eoronata — — — — 0.09 0.00 276.0 0.32

Dendroiea dominiea 0.02 0.06 144 0.296 0.01 0.00 276.0 0.32

Dendroiea petechia 0.02 0.00 171.0 0.32 0.01 0.00 276.0 0.32

Dryocopus pileatus 0.13 0.11 159.0 0.91 0.20 0.13 287.5 0.54

Empidonax virescens 0.43 0.22 205.0 0.15 0.35 0.29 264.0 0.99

Helmitheros vermivorus 0.17 0.13 171.0 0.74 0.20 0.28 253.0 0.76

Hylocichla mustelina 0.52 0.52 177.5 0.60 0.26 0.51 191.0 0.08

Junco hyemails 0.02 0.00 171.0 0.32 0.09 0.00 287.5 0.15

Melanerpes erythrocephalus — — — — 0.09 0.00 299.0 0.08

Meleagris gallopava 0.02 0.00 171.0 0.32 0.04 0.07 243.0 0.33

Mniotilta varia 0.00 0.07 135.0 0.08 0.00 0.15 195.5 0.01

Molothrus alter 0.41 0.46 135.0 0.37 0.36 0.51 210.0 0.19

Myiarchus crinitus 0.22 0.26 148.0 0.63 0.16 0.20 247.0 0.65

Oporornis formosus 0.00 0.17 125.0 0.07 0.03 0.19 227.0 0.19

Parus bicolor 0.11 0.09 170.0 0.74 0.23 0.15 295.5 0.44

Passerina cyanea 0.15 0.00 198.0 0.04 0.23 0.03 279.0 0.56

Picoides pubescens 0.00 0.02 153.0 0.32 0.04 0.01 276.5 0.54

Picoides villosus 0.00 0.02 153.0 0.32 0.00 0.01 253.0 0.32

Pipilo erythrophthalmus 0.00 0.11 117.0 0.02 0.00 0.09 20^.0 0.03

Piranga olivacea 0.57 0.32 263.0 0.02 0.67 0,3S 302. (^ 0.39

Sayornis pheobe 0.00 0.04 144.0 0.15 0.00 0.(W 1^)5.5 0.01

Seiurus aurocapillus 0.02 0.28 96.5 0.0

1

0.04 0.3^) \bbX) 0.01

Setophaga ruticilla 0.00 0.02 153.0 0.32 — — — —
Sitta carolinensis 0.13 0.00 216.0 0.01 0.19 0.03 333.0 0.02

Sphyrapicus varius — — — — 0.03 0.01 2^5.0 0.98

Thryothorus ludovicianus 0.24 0.19 164.0 0.94 0.04 0, 1

5

"'>'' •> 0.72

Vireo gilvus — — — — 0.01 (M\^ :~(xO 0.32

Vireo olivaceus 0.50 0.52 161.5 0.99 O.M 0.5^) :h(x5 0.96

Wilsonia citrina 0.13 0.20 155.0 0.78 0.04 0.13
''"'•> > 0.22

Zenaida macroura 0.02 0.00 171.0 0.32 — — — —

without altering species richness or overall

bird density. It is important to note, howe\er.

that our data are scant and represent only t\\ o

field seeisons recorded shortly after a pre-

scribed burn. Additional research is necessary

to elucidate what, if any, environmental or

ecological factors ma\ contribtite to such pat-

terns.

Our data stiggcst that surface tiro iua\ alter

avian conuutinil\ stniciurc b> making the

habitat less stntable for some species that pre-

viously existed there. The abundance of
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Table 2.—Comparison of relative abundance of avian species based on their nesting habits between

burned and unburned sites at Fork Ridge, Hoosier National Forest, 1996 and 1997. Nesting guilds included:

ground/shrub (nests places from 0.0-1.0 m above ground), understory/sub-canopy (1.0-10.0 m), and

canopy (>10.0 m) nesters.

Nesting Habit Burned Unburned U P

1996

Ground/shrub (neotropical

migrant) 0.122 0.248 3323.3 0.013

Ground/shrub (resident) 0.005 0.042 2339.5 0.016

Cavity (resident) 0.079 0.050 8356.5 0.264

Understory/Sub-canopy

(resident and migrant) 0.103 0.095 8028.5 0.814

Canopy (resident and migrant) 0.364 0.275 6516.5 0.109

1997

Ground/shrub (neotropical

migrant) 0.053 0.196 7815.0 <0.001

Ground/shrub (resident) 0.014 0.054 2142.0 0.031

Cavity (resident) 0.124 0.074 22657.0 0.139

Understory/Sub-canopy

(resident and migrant) 0.074 0.094 25018.0 0.070

Canopy (resident and migrant) 0.275 0.241 16614.0 0.714

ground- and shrub-nesting Neotropical mi-

grant and resident species were considerably

lower in the burned site. Ground-nesting spe-

cies such as Black-and-white Warblers, Ov-

enbirds, and Eastern Towhees were uncom-

mon in the burned area. Martin (1993)

reported that predation rates were lower at

nests concealed by vegetation and that birds

may select nest-sites with dense vegetation as

a means to reduce nest predation. The lower

abundance of ground-and shrub-nesters ob-

served in our study may be due to the elimi-

nation of understory vegetative that many of

these ground- and shrub-nesting species prefer

(Kilgo et al. 1996; Lewis & Yahner 1999).

Prescribed fire also may have altered other

habitat components which may influence

ground- and shrub-nesting migrant abundance

that were not previously measured at this site,

such as food abundance or amount of leaf lit-

ter (Burke & Nol 1998).

Aquilani at al. (2000) report that nest-sites

of ground- and shrub-nesting Neotropical mi-

grants in the same burned area of Hoosier Na-

tional Forest are exposed to higher rates of

nest predation and brood parasitism, presum-

ably due to increased visibility of nests and

parental activity in areas where understory

cover is significantly reduced. Thus, ground-

and shrub-nesters may be avoiding these sub-

optimal nesting habitats.

Some species were more abundant in the

burned site. For example. White-breasted Nut-

hatches were more abundant in the burned site

during the 1996 and 1997 breeding seasons.

Prescribed burning may have increased the

availability of nest-sites for this cavity-nesting

species by creating snags from smaller size-

class trees killed by these fires. Anecdotal ev-

idence for this hypothesis was observed in

two White-breasted Nuthatch nests found

within the burned site in small snags or tree

trucks (dbh <15 cm) that were heavily fire-

scarred.

In conclusion, our study suggests that low

intensity prescribed fires in Hoosier National

Forest appear to have little effect on overall

species richness and total bird density, yet

species composition in burned and unburned

sites differs. Our results suggest that to max-

imize regional avian biodiversity, prescribed

burn regimes should be implemented in a

patchy fashion that preserves dense, woody
understory in some areas, yet burns others.

ACKNOWLEDGMENTS
We thank the U.S. Forest Service, Hoosier

National Forest and the Indiana Department of



AQUILANI ET AL.—BIRD COMMUNITIES AND PRESCRIBED FIRE 191

Natural Resources, Division of Fish and Wild-

life, for providing financial and logistical sup-

port for this research. We especially thank Cid

Morgan and Ellen Jacquart of the Hoosier Na-

tional Forest for their assistance. We also

would like to acknowledge the dedicated ef-

fort provided by our field assistants, Janet

Cramer, Tricia Cummings, and Kelley Don-

nelly.

LITERATURE CITED

Askins, R.A. 1995. Hostile landscapes and the de-

cline of migratory songbirds. Science 267:1956-

1957.

Askins, R.A., J.E Lynch & R. Greenberg. 1990.

Population declines in migratory birds in eastern

North America. Pp. 1-57, In Current Ornitholo-

gy, Volume VII. Plenum Press, New York, New
York.

Aquilani, S.M., D.C. LeBlanc & T.E. Morrell.

2000. Effects of prescribed surface fires on

ground- and shrub-nesting Neotropical migratory

bird species in a mature Indiana oak forest. Nat-

ural Areas Journal 20:317-324.

Britdngham, M.C. & S.A. Temple. 1983. Have

Cowbirds caused forest songbirds to decline?

Bioscience 33:31-35.

Burke, D.M. & E. Nol. 1998. Influence of food

abundance, nest-site habitat, and forest fragmen-

tation on breeding Ovenbirds. Auk 1 15:96-104.

DeGraaf, R.M. & J.H. Rappole. 1995. Neotropical

migratory birds. Comstock Publishing, Ithaca,

New York. 676 pp.

Hagan, J.M. & D.W. Johnston. 1992. Ecology and

Conservation of Neotropical Landbirds. Smith-

sonian Institute Press, Washington, D.C.

Herkert, J.R. 1995. An analysis of Midwestern

breeding bird population trends: 1966-1993.

American Midland Naturalist 131:41-50.

Hutto, R.L., S.M. Pletshet & R Hendricks. 1986.

A fixed radius count method for nonbreeding and

breeding season use. Auk 103:593-602.

Kilgo, J.C, R.A. Sargent, K.V Miller & B.R. Chap-

man. 1996. Nest sites cjf Kcnluck\ Warblers in

bottomland hardwoods o\ South Carolina. Jour-

nal of Field Ornithology 67:300-306.

Lewis, A.R. & R.H. Yahner 1999. Sex-specific

habitat use by Eastern Towhees in a managed
forested landscape. Journal ot ihc Pcnns>l\ania

Academy of Science 72:77-79.

Martin, T.E. 1993. Nest predation and ncsi sites.

Bioscience 43:523-533.

Peterjohn, B.C., J.R. Sauer & C.S. Robbins. 1995.

Population trends from the North American

Breeding Bird Survey. Pp. 3-39. In Ecolog\ and

Management of Neotropical Migratory Birds

(T.E. Martin & D.M. Finch, eds.j. Oxford Uni-

versity Press, New York.

Robbins, C.S. 1981. Bird acfivity levels related to

weather Pp. 301-331, In Estimating Numbers of

Terrestrial Birds (C.J. Ralph & J.M. Scott, eds.).

Studies in Avian Biology VI. Cooper Ornitho-

logical Society.

Robinson, S.K., FR. Thompson. T.M. Donoxan.

D.R. Whitehead & J. Faaborg. 1995. Regional

forest fragmentation and the nesting success of

migratory birds. Science 267:1987-1990.

Rodewald, PC, & K.G. Smith. 1998. Short-term

effects of understory and overstor\ management

on breeding birds in Arkansas oak-hickor\ for-

ests. Journal of Wildlife Management 62:141 1-

1417.

Thompson, ER. & M.J. Schwalbach. 1995. Anal-

ysis of sample size, counting time, and plot size

from an avian point count sur\ e\ on Hoosier Na-

tional Forest, Indiana. Pp. 45—1-8. //; Monitoring

Bird Populations by Point Counts (C.J. Ralph.

J.R. Sauer & S. Droege. eds.). USDA Forest Ser-

vice General Technical Report PSW-GTR- 14'-).

Wolf, A.T, R.W. Howe & G.J. Da\ is 1^)^)5 IX-

tectability of forest birds from stationar\ points

in northern Wisconsin. Pp. 19-23. /// Monitoring

Bird Populations by Point C\ninis iC.J. Ralph.

J.R. Sauer & S. Droege. eds.). ISDA forest Ser-

vice General Technical Report PSW-GTR- 14^.

Manuscript rcicivcd 12 June 2lHl\ nvisiJ 14

Au^i'usr 200J.



INDEX
to the

PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE
Volume 112

2003

Acanthocystis polymorpha 170

Achyranthes japonica 22

Alluvium 97, 102

Aloor, J 1

Amphibians 43

Amphibians, abundance 51

Amphibians, rare 52

Anslinger, Brendan 97

Aquilani, Steven 186

Artifacts as assignments 88

Ascomycota 132

Avian community 187

Badger, Kemuel 135

Barnes, David 29

Bats, status 55

Bats 55, 61, 75

Batwing Cave, bats 61

Betz, Lindsay 9

Big brown bat 65, 81

Bird communities 186

Birds, in oak forest 186

Botany Glen 135

Brack, Virgil 61, 75

Braun, Uwe 132

Breeding bird community 186

Brodman, Robert 43

Bryozoans 29

Buckeye 9

Burned sites, birds of 186

Cambaridae 175

Cambarus 175

Carbon cycle class exercise 85

Cave millipeds 36

Centrohelid Heliozoa 170

Checklists

amphibians 43

birds 1 89

bats 61, 75

bryozoans 32

crayfish 175

frogs 46, 48

Heliozoa 169

herbarium, lU Southeast 22

lizards 50

millipeds 36

plants of Botany Glen 147

plants of Happy Valley 9

plants of southern Indiana 22

shrimp, freshwater 175

sponges, freshwater 32

reptiles 43

salamanders 46, 48

snakes 50

turtles 50

Chiroptera 55, 61, 75

Clark County 22, 1 17

Clematis terniflora 23

Climate change 97, 106

Community, bird 186

Coon Cave, bats 61

Cope, James 75

Cores, Miles site 118

Crawford County, bats 75

Crawford County, plants 22

Crayfish 175

Cristidiscoid Heliozoa 169

Cultural features, Miles site 119

Decapoda, distribution 175

Diplopoda 36

Distribution records, Indiana plants 22

Dominguez-Rosado, Elena 109

Dunlap, Keith 61

Durbin, James 97

Early succession, prairie 160

Eastern pipistrelle 61, 65, 81

Ectoprocta 29

Egeria densa 23

Elm 9

Endangered plants 26

Environmental literacy 85

Environmental science course 85

Evening bat, status 55

Fallicambarus 175

Fatoua villosa 23

Fertilizer, tallgrass prairie 160

Fire management, birds 187

Fire and bird communities 186

Floodplain forest 135, 139

Flora, Botany Glen 135

Floristic inventory. Botany Glen 135, 136

Floyd County, plants 22

Forest composition, Happy Valley 9

Forest structure, Happy Valley 9

Forest succession, Happy Valley 9

Fourier-transformed IR spectroscopy

109, 110, 112

192



INDEX TO VOLUME 1 12 (2003) 193

Fresh motor oil 109

Freshwater sponges 29

Freshwater bryozoans 29

Freshwater shrimp 182

Freshwater heliozoa 169

Frogs, checklist 46, 48

FTIR techniques 109

Function, Miles site 125

Fungus, persimmon 132

Fusicladium levied 132

Gas chromatography 109, 110, 111

Geomorphic processes 97

Global climate, exercise 89

Glutathione-S-transferase 1

Grant County, plants 135

Gray myotis 61, 65, 80

Grotto Cave, bats 61

Gummer, Sherry 55

Guy, Danise 97

Hafted bifaces 120

Happy Valley plants 9

Heat shock protein 1

Heliozoa 169

Herbarium, Indiana University Southeast ... 22

Hibernacula, bats 61

Hibernation, bats 75

Hoosier National Forest 36, 187

Hsp70 1

Hughes, J.P. 1

Human population exercise 88

Humulus japonicus 23

Hunter-gatherer settlement 117

Hydrocarbons 109

Indiana myotis, endangered 61

Indiana myotis 63, 81

Indiana University Southeast Herbarium .... 22

Jefferson County, forest 9

Johnson, Scott 61

Jones, Ryan 97

Jug Hole Cave, bats 61

Karst drainage 97

Karst Gulf 97

King, C.S 1

Ko, W. 1

Lake County, sponges and bryozoans 32

Late Archaic 117

LaPorte County, sponges and bryozoans ... 32

Lauer, Thomas 29

LeBlanc, David 186

Lewis, Julian 36

Liparis loeselii 23

Lithics 117

Little brown myotis 61, 65, 82

Lizards, checklist 50

Management, fire and birds 186

Maple 9

Maternity colonies, bats 59

Maxwell, Richard 22

McMillan, Paul 9

McWhinney Heavy Stemmed 117

Melothha pendula 23

Mentha x rotundifolia 23

Mesic forest. Botany Glen 138

Metals in oil 114

Micronutrient enrichment, prairie 160

Miles site, Indiana 117

Millipeds 36

Minutes of IAS meetings 92

Mist-netting, bats 57

Morrell, Thomas 186

Mortuary features. Miles site 122

Motor oil breakdown 109

Myotis sodcdis 61.81

Nb2 1

Neotropical bird migrants 186

Nitrogen, prairie 16(J

Northern myotis 61. 65. 80

Nuclear magnetic resonance spectroscopy . .

109. 110. 11

4

Nycticeius humeralis 55

Oaks 9

Ohio buckeye 9

Ohio Valley archeology 117

Orange County, geology 97

Orconectes 175

Orthodon dianthera 23

Packera anonyma 23

Palaemonetes 175

Palaemonidae 175

Paleosol 97

Papaver diibium 23

Parasite, fungal 132

Patoka River 1 75. 1

"0

Persimmon fungus 132

Phosphorus, prairie \M
Pichtel, John 1 09

Pinaciophora fiuviatilis PO
Plant collection. lU Southeast 22

Plant communit) 135

Plants, endangered 24. 26

Plant records, by Indiana county 24

Plants, vascular 22

Platanthera lacera 26

Porifera 2'->

Porter County, sponges and br\o/oans 32

Prairie, micronutrients IW^

Prairie communit\. dcxelopnicni 163

Prairie restoration IM^

Pre-service teachers S5

Prentice. D..A. 1

Procaiiihinits 175

Protista 16^

Psi'iulcHre/nia reync^ldsae 36

Prercycxsris f(u-!esca 1
~0

Pycuani/u'inuin niuricii/n 26

Raphidi(yphrys inrernwdia 1
~0

Raphidocystis flahellara 1~2

Raphid(Hysrls ruhifera 172



194 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Rare plants 27

Ray's Cave 61

Red bat 79

Reptiles of Indiana 43

Reptiles, rare 52

Rothrock, Paul 135, 160

Ruch, Donald 135

Ruhl, Gail 132

Salamanders, checklist 46, 48

SchoUer, Markus 132

Science education 85

Secondary succession 9

Secondary successional forest 146

Sedimentation 97

Selaginella eclipes 26

Shaeffer, Amy 85

Shrimp, freshwater 175

Silver-haired bat 65, 75, 80

Simon, Thomas 175

Slippery elm 9

Snakes, checklist 50

Soil amendments 163

Solanum sarachoides 26

Songbird 186

Southeastern myotis 80

Sponges, freshwater 29

Squiers, Edwin 160

Stathmin 1

Stonehouse, Amanda 135

Stratigraphy 97, 100

Succession, forest 1

Succession, tallgrass prairie 160

Succession 9

Successional forest 135

Successional communities 141

Sugar maple 9

Survey, reptiles 43

Survey, amphibians 43

Tallgrass prairie 160

Teacher artifacts 85

Thermal features. Miles site 123

Thoma, Roger 175

Thomas, William 22

Threatened plants 26

Tornado damage, forest 9

Trees, succession 16-18

Turtles, checklist 50
Twin Domes Cave, bats 61

Upland forest 135

Used motor oil 109

Vascular plant collection 22

Vascular plants. Botany Glen 147

Weathered motor oil 109, 1 1

1

Wesley Chapel Gulf 97

Whitaker, John 55, 61, 75

White, Andrew 117

Wintering populations, bats 61

Wujek, Daniel 169

Wyandotte Cave, bats 61, 75, 82







INSTRUCTIONS TO AUTHORS
{revised October 2001

)

General information.—Manuscripts and all correspon-

dence should be sent to the Editor. To be eligible for publi-

cation in the Proceedings, at least one author must be a

member of the Academy. Papers that have been presented at

an Academy meeting may be given preference for publica-

tion. Submission of a manuscript to the Editor implies that

it has not been sent to another publication, nor has it been
published elsewhere. If it is accepted for publication in the

Proceedings, it may not be republished without the written

consent of the Academy.
All manuscripts are evaluated by referees. Submit three

copies of the manuscript. Figures in manuscripts for review

may be submitted as photocopies, and they should be approx-

imately the size that they will be printed in the Proceedings.

After the manuscript has been accepted, the author will be

asked to submit the manuscript as a paper copy and on a

computer disc in a widely-used word processing program.

Indicate clearly on the computer disc the word processing

program and the type of computer (Mac or PC).

Galley proofs will be sent to the primary author for

approval and correction.

Style.—Do not use right or full justification. Also, use a

non-proportional font (e.g. Courier, but not Times Roman).
Title page.—The title page should include ( 1 ) the title in

capital letters, (2) each author's name and address, (3) the

running head (see below), and (4) the complete name,
address, and telephone number of the author with whom
proofs and correspondence should be exchanged, a FAX
number and electronic mail address if available.

Abstract.—All manuscripts have an abstract, which
should summarize the significant facts in the manuscript.

The "ABSTRACT" heading in capital letters should be

placed at the beginning of the first paragraph set off by a

period. Use complete sentences, and limit the abstract to

one paragraph and 250 words.

Keywords.—Give 3-5 appropriate keywords following

the abstract.

Text.—Double-space text, tables, legends, etc. through-

out. Three categories of headings are used. The first catego-

ry (METHODS, RESULTS, etc.) is typed in capitals, cen-

tered, and on a separate line. The second (lower) category of

heading, in bold type, begins a paragraph with an indent and

is separated from the text by a period and a dash. (This para-

graph begins with an example of this heading.) The third

heading category may or may not begin a paragraph, is ital-

icized and followed by a colon. (The paragraph below is an

example.) Use only the metric system unless quoting text or

referencing collection data.

Citation oj references in the text: Cite only papers already

published or in press. Include within parentheses the sur-

name of the author followed by the date of publication. A
comma separates multiple citations by the same author(s)

and a semicolon separates citations by different authors,

e.g., (Smith 1990), (Jones 1988; Smith 1993), (Smith 1986,

1987; Smith & Jones 1989; Jones et al. 1990).

Literature cited section.—Use the following style, and

include the full unabbreviated journal title. Repeat the name
for multiple references by the same author. Note that book
titles have the first letter of each word capitalized.

Walter, J. & B. Hallet. 1979. Geometry of former subglacial

water channels and cavities. Journal of Glaciolotiv

23:335-346.

Walter, J. 1992. The significance and complexity' of commu-
nication in moths. Pp. 25-66, In In.sect Communications:

Mechanisms and Ecological Significance. (P.N. Work &
J.S. Rivers, eds.). Princeton University Press, Princeton,

New Jersey.

Footnotes.—Footnotes are permitted only on the first

printed page to indicate current address or other information

concerning the author. These are placed together on a sepa-

rate page at the end of the manuscript. Tables and figures

may not have footnotes.

Running head.—The author's surname(s) and an abbre-

viated title should be typed all in capital letters and must not

exceed 60 characters and spaces. The running head should

be placed near the top of the title page.

Tables.—These should be typed double-spaced, one table

to a page and numbered consecutively. Most tables contain

only three horizontal lines (see recent issues for examples).

Do not use vertical lines or shading. Include all pertinent

information in the table legend (no footnotes).

Illustrations.—All art work must be camera-ready

(mounted and labeled) for reproduction. Figures should be

arranged so that they fit (vertically and horizontally) the

printed journal page, either one column or two columns,

with a minimum of wasted space. When reductions are to be

made by the printer, pay particular attention to width of

lines and size of lettering in line drawings. Multiple photos

assembled into a single plate should be mounted u ith only

a minimum of space separating them. In the case of multi-

ple illustrations mounted together, each illustration must be

numbered Fig. 1, Fig. 2, etc.) rather than given letter (.-\.B.

etc.) designations. The name(s) of author(s). and an indica-

tion of top edge, and whether the illustration should be one

or two columns wide, should be written on the back oi the

illustration. The overall dimensions should be no more than

11 inches (28 cm) x 14 inches (36 cm). Larger drawings

present greater difficulty in shipping and greater risk oi

damage for which the Proceedings assumes no responsibil-

ity. In manuscripts for re\ iew. photocopies are acceptable,

and should be reduced to the exact measurements that the

author prefers in the final publication. Make notations in the

text margins to indicate the preferred position o'i illustra-

tions in the printed text. Color plates can be primed; but the

author must assume the full cost, currently about $600 per

color plate.

Legends for illustrations should be placed together on the

same page(s) and separate from the illustrations. Each plate

must have only one legend as indicated below

:

Figures 1-4.—Right chelicerae of species of

Centrwoidcs from Timbuktu. 1. Dorsal \iew; 2. Prolateral

view of mo\ cable finger; 3. Centruroides holot>pe male; 4.

Cent?-uroidcs male. Scale = 1.0 mm.
Page charges and reprints.—Page charges are currently

$10 per journal page for members of the .Acadetm and S"0

per page for non-members. Corrections in proof pages must

be restricted to printer s errors only; all other alterations will

be charged to the author (currentK $3 per line).

Reprints are a\ailable onK from the .-Mien Press and

should be ordered (w ith payment) when the author recedes

the proof pages. .-Mien Press w ill not accept reprint orders

after the paper is published.



CONTENTS

Proceedings of the Indiana Academy of Science

Volume 112 Number 2 2003

Geology

Wesley Chapel Gulf revisited: Geomorphic processes affecting devel-

opment of the alluvial floor of a karst gulf in Orange County,
Indiana by James M. Durbin, Ryan C. Jones, Brendan Anslinger, and
Danise Guy 97

Chemistty

Chemical characterization of fresh, used and weathered motor oil via

GC/MS, NMR and FTIR techniques by Elena Dominguez-Rosado
and John Pichtel 109

Anthropology

The Late Archaic component of the Miles site, Clark County, Indiana
by Andrew A. White 117

Botany

Fiisicladium levied^ a fungal parasite of persimmon, found in Indiana
by Markus SchoUer, Uwe Braun, and Gail Ruhl 132

A floristic inventory and description of the structure and composition
of the plant communities of Botany Glen, Grant County, Indiana
by Amanda L. Stonehouse, Kemuel S. Badger, Donald G. Ruch, and
Paul E. Rothrock 135

Early succession in a tallgrass prairie restoration and the effects of

nitrogen, phosphorus, and micronutrient enrichments by Paul E.

Rothrock and Edwin R. Squiers 160

Zoology

Freshwater heliozoa (Protista, Heliozoa) from Indiana by Daniel E.

Wujek 169

Distribution patterns of freshwater shrimp and crayfish (Decapoda:
Cambaridae) in the Patoka River basin of Indiana by Thomas P.

Simon and Roger F. Thoma 175

Breeding bird communities in burned and unburned sites in a mature
Indiana oak forest by Steven M. Aquilani, Thomas E. Morrell, and
David C. LeBlanc 186

Index to Volume 112 (2003) 192


